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AGC Specifications

Input signal range | 45 mVpp< Vin < 500 mVpp

Output Target 1.400 Vpp

VGA gainrange | >24 dB

AFE THD <1.0%

AFE SNR >35dB

AFE Output offset | <5.0 mV
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3 (Y]
3.2.3 :msmmﬂmmcmauﬂmmucﬁ (Transconductance Amplifier)

o [ ¢ o o & @ ow a
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Yy auazNedyIae MUl unIzuanIgln 3.3 H30150N71 UKAINIVHTIAUY

¥
9 =S w o =
ANAIVANAIUNTELE (voltage-controlled current source: VCCS) Taviionsveroaatl

G, = —— A - (3.5)

Source Current amplifier Load
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31]1'1 3.3 MTVOWNTIIUFDUNLAUY

<
3.2.4 190IVENTIUFDUNANDY (Transimpedance Amplifier)
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R R
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(a) CS-CD:n-n
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X) (1+p4)  (1+p4}  (1+pA)



30
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2 2 3
_aA 3
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dufiuaudlumaiiaos Tasiigadummdeundusimiiinlassndyyrunszuaiiy
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F‘roposed VGA
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4 ) o a
A1519N 4.1 HAAIVIAYDINT IWFMADT N 15 Tumsoenuuua99s i 4.5

Design parameters Values
N1-N2 1.54m/0.18 um
P1-P2 104m /0.5 um
P3-P6 254m/0.5um
N3 -N6 S54m/0.5um

L4

= a o o
1az9In299331U7 4.5 MRS IeH Ay IuvnIaEn (small-signal) Tu2995901001A

A o o

& 4 s o o o o
uSﬂ*?]NL‘ﬂu’Ni]i‘uuleimﬁﬂﬂ'lmmmu‘lf WHDATIVYIWNITUTADUANLAUYAITUNG

. gm
Y 14+ g R +sRC

(4.9)
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IﬂUVI g, uag C&* L'ﬂu“i’]uﬁﬂQUF\ﬂllﬂucﬂ llﬁzﬂ']lﬂllﬂizi].5$ﬁ?1ﬂlﬂﬂ-“ﬁﬂ3ﬂ VDINITIUTTN
o o o o ' o @ o' J W
MO0 NI-N2 auainy %3“‘”«!?18%31‘“010“5'luﬁﬂﬂUﬂﬂllﬁu"lfcluﬂ'lﬂlLiﬂ‘llﬂQ'Nﬂfﬁ]S‘UuﬂU
' s @ o d e o v Y o s & Yy <
AMNITUAADUANUAUBVDINITUANTIADT N/-N2 LAZATATUNIUNUVIYDI T BIDTAINI WD
o L ] a4 o ¥ d a1 9y [ u’; ; v
ﬂauﬂmmumummnﬂlummzﬂ AINTUNMUVIFDIAUATIUDY ﬂﬁuu’)ﬂﬂiﬂ’lﬂll‘iﬂUﬂZ(lﬂ
o s o ) [ = & as
ﬂm1mU1Uﬂs1uﬁﬂﬂuﬂﬂLLﬂumqa llﬂﬁﬁTﬂTUaluaHﬂ]iﬂ (4.10) BINTAAIDATIVOIYNTSUD A,
P x & " a a A o A o a
uazaumsh (4.11) Fuaaaadunmduiiuaud R, 1o g, g, nay g, 174 nsmdneudn
o o w ! v o
UANSEYDY PI-P2, P3-P6 1lng N3-N6 @un1ad a7y C, 1uag C}_ lﬂUNﬂﬁ’JHﬂJBQﬁ'Jlﬂﬂﬂfz‘g

¥ v
vianua (1Ingad1ada ldans1aud) Avunnves P (P2) uaz N3 (N4)

gmy

A Em __f14
B +sCy

"~ (g +sC.)
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" " o ¥
1INANNITN (4.10) 1Az (4.11) Amnsannauda e 1dn g =g (QU2) A 4i 194 [19]

MINY O tazanine1d@unsn (4.10) uaz @.11) unumadluaunisn 4.8) w213

o da A L4 dvd [ o
PAINVUIONG 'ILIﬁBHWLLﬂu"B“Uﬂﬁ'JﬁﬁuL'].Juﬂﬁ'ﬁNﬂ’l‘i"lﬂ (4.12)

1 L, 1
af 2R, «——+5—2| R, -—
i = gm.‘ gﬂ)}' g’"x (4.]2)
C 2 €.C,
2A1+a+s _y[1+g)+ Sy gt 225
gf”)' g”‘” gn" gmy

HaM391009M 3 MUV 33UN 4.5

HAN1391004M3M1MY99995 317 4.5 1A R, gridenIdsimeinly
' o w 'y w 4 |
MSIFNTIIVOIONT1VYIUNTIAY (voltage gain range) AIUAINIUNMIY R, Fagnao Tunu
o = n'-' 4 3 d. o' o a wa oo
w03 A-anuolsru ieR i lumsUsudasversvesises Taslumalfifvesauide
i

il 1938 msdiue R udadananadsingd R, aunsadiurasdasivoisvesdsesla

- A ' - & v o y_a @ 1 I & A
NNl R, imunzamield R i lumisdivadranen saden R,
wam 4 Ar1fo S00kQ, 150kQ, S0kQ, 15k Q2 (HAAIRIVINTDIMIWTANUIAY TINToY
MAUIN Haz29nan MUdIaY) dunasingdi 4.7 miuldaisnmsdsua R, Tusae s00Q-
15k Q1510919 R, 11y 500k Q dimis )i R, Tua21 500Q-15k Q 9A3 190109842913
' ' ' A - (- ° ' A v
120y 11u%29 -10 dB-0 dB uans miuaaalugii 4.7 ugasmonsiveiod i 3 a1 iesninly
Fmsgquadadiumiu R, Tuge 500 Q -15k Quuaasnaive Iigaisauminiu uaziifoidon

Vv "

1 R 1ilumidnang il ludnpazi@oadu wenniniidedunaldinn R wiiy 500k Q uaz

i R, iAiovgadiolszuin 500Q danaldsasiveivvensiinigeganolszun 30dB
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0 - 5 <

Gain (dB)
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Frequency (H2)

U7 4.7 HOADUAUDINIANIDUDIIINT VGA 1iiD R, 3if1 500k Q (), 150k Q (), 50k Q2 (x),

15k Q(O) uaz R, 1A10¢1u329 500Q -15k Q.

HaN13$1899M13 1NN Nuenmilevinnnantiedu ldun nisdaranu lnthadsadu
P = =Y efe::y Yy o 4 - a o =Y -}

Y992995 B9 INTNUTH 1FI5MIAAIHATIWNNATINNMTAANDUYDI81S luiinK3 0 THD
& o o ¥ o’ o ddq Yo ° o A ¢ o _—

F311m53a laoldHensulugoruasnldirassnismauvesirsesiuie Handu  periodic

. & o ; 4 .

steady-state analysis 491 1u TUsunsuuean15e9nuy IC N%¥e Caden (Cadence IC design
platform) 31/ 4.8 aA3f1 THD ionfSuuiouiv 2 2393 792995317 4.4unz317 4.5 Tavia
i @ (Y [ § o " { & i J ]
fons1vrousenumilounuien 20dB szifudrgli 4.5 Fuiulsesioonuuuiulng

] o i 9 " :i = Y @ 1 d‘
ﬁ'l!.l"l'ii’l‘]i’]tlﬂi’]ﬂ.]‘;ﬂﬂ? THD ﬂﬂﬂ?ﬂﬂivlﬂﬁ1ﬂﬂ’n')~ﬁ)‘i2ﬂﬂ 4.4 049 13dB uaza1aa1 THD n

b.

ar ar ¥ " 4 o or o '
DATIVUIULIIAUATIAG Lﬁﬂﬂ'l'ﬂuﬁﬁlﬁ“llu1ﬂﬂﬂﬁﬁmﬂiy']mlﬂ']ﬂ1’!ﬁflﬂ1 -10dBVp Hazaun

=h.

1IN IMHz ud@anan1s3an THD 1AAs3U 4.9 d2ug1lfi 4.10 uaaswanisIas1 THD
auiag Taodenadmualiviavesdyaueiyaiing -10dBVp iazdas1vonous dy

119U 20dB
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2005 lug#t 4.5 aunsamen 1dnoldussduliides 1 Tad Mo 60 T
Tns¥ad wazl¥unuddsyszuim 50 wanzidia dade lidiul)amdlmuiovesmseonuiuy
2993 VG 18 nathnuel3 ﬁaﬁ”’u'ﬁa"lﬁ'ﬁmsﬁﬂ?’fuwﬁ%‘uazm;nﬂﬁﬂ"lmimﬂ?uﬂga
ol lEaes Tnfii sz ansnminndy Tavamsiteztinauode lwumsoonuuulias
fmmmf‘imu"lﬁ‘fﬂw“l?’fusaﬁu"lﬂzﬁ’mﬁ%mmqﬁa awsarian 18n0ldussdu 0.5 Thad s
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dludeiihauledmsussi Tavaztinanedevsaagli 4.11

Vo
ol | B05 ]
P3 |—|—1-P1 s [ Pe Pz |_I—| P4
1 Common-mode fesdback oot
out+ Rf Rf out- Voo
° AMN— MA—1—0
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HANMSMOIMUY09199531UN 4.11
P q 3 b4 o LI a P
2395 gl 4.11 eenuuulavly lassasiaazmatinudeany9es luguli 4.5
oA ) s o o ¢ a v o w e
WUADNS 192993 N3 WAABUANUAUTUU VYOI A-AIUIUBITHY TIMTVAIANINUDINIVINI
MIADAIA NI R, uaz R, o Tunmisidouns sdu luda (shift bias voltage) v unm
o3 d A o o o a o
voe N1 uaz N2 Wi 0.35 Toad iedmualiussdu ludaindunailu v, /2 = 025 Taa
& =Y cty o a e o ' " . ; o [

[21] cﬁamﬂuﬂuuw‘lﬁmmﬁmﬁmmmammu moderate inversion region TIWIUNIT

-~ o g o A' @ o A g a et
ponuuuAnsaulhides 0.5 Taad naziouswudasuveanimasmaesia1seun 0.43
o [l o o ¥ ¥ 4 ° ]
Tad [22] dawmasesvnslumafiassdinldrsesaziounszua Fezihanaiunara od

Weriouiv [19] uaz [20] AsuaaImsuniavesdyaudzlin 4.12

Proposed VGA

Output vokage (mV)
o
1

=200

=300

-400 1 T
0 250 .500
et : Time (us) 2 g ey B i

UM 4.12 msundsvesdyamlueesgii 4.11 WenSeuivuiv [19] uag [20)

ﬂ' -~ 1 4 : o o ﬂl" o -
2993317 4.11 Bndumiiandrdivde 2995 1oundunuVIT591 (common-mode feedback)
gnldfiieiynaws sduivuasuves P1, P2 Wim v, = v /2 uazdanalinszuaves p1-p2
aai i1 R wog R, agfidulaounlas ) ludnumzeiielsiam Tavlddmuamvinaves
o e oy v [ [ o & o Y = 1w
N wdFmaos o1 amuizaudin1sian 4.2 o Idnszumasuues P3 (P4) Tauninuy
NITUANATUN N5 (N6) 1ALAINIWAABUANIAUFYDS P3 (P4) T wminuaAmsIudnoudn
. b
uauguoa N5 (N6) naziivo 1v lildfinszualvaselnaru R, daiuussdulvassves

¢ e ) o A ' o e
wmyaszgnamInlinuniiounuimsuves P1, P2 0019380 Tul@ Ao v, = v, /2
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1 “a o = = -
M31IN 4.2 LAAVWIAVDINT T AADT Az SRS N 1 Tun1s00nIUY95 31N 4.11

Design parameters Values

N1 - N2 100 #m/0.18 #m

P1-P2,P3-P4 |50m/0.18 tm, 250 £ m /0.18 £ m

N3 - N4, N5 -N6 16 #m/0.18 2m, 80 £t m /0.18 £m

Rb, Rg 150k€2, 100k<2

a @ w =] 4 @ W o o ar L4
ﬂ'ﬁ')lﬂ'ﬁ']Zﬂ'ﬂﬂ]uiuu'lm‘ﬂu'lﬂlﬁﬂlﬁﬂﬂ']ﬂ']’lnffﬂwuﬁ’ﬂﬂﬂﬂﬂi'l‘lﬂ]'lﬂﬂi’Iuﬁﬂﬂuﬂﬂllﬂu“ﬁﬂlﬂﬂ

'J\?i]ﬁ‘llU']Uﬂ'lﬂuﬁﬂiﬂu@Tﬂﬂhﬂ'ﬁ

" g.R,
G = (R, +R, + g, Rs(R, + R ))+sC,(R.R +RR +RR,)

(4.13)

A o s o s v g ' 7 a
o gm Hag Cgs !,‘lJ‘I-Wi'i'Iuﬁﬂﬂuﬂﬂllﬂuch'uﬂxﬂﬁlﬂ'!]ﬂ‘iSQ?%HTNLHVI-‘IIBS’CT VDINIIUAY

4 o o o 1 = o
TRN07 N1-N2 A10a19U HagoAs1v810NI U UUHAN 1 A‘. uazmmﬁmmm)m!ﬂ R'.” ﬁ']um

AUMITN (4.14) 1A (4.15) MUA AU

Alz( (gmn0+gmp0) (414)

gmm +gmpa‘ +SC:)

1
(gmni + gmp: T+ SCX)

R =

n

(4.15)

4 o o o o o
Wog Zoor B WOE €, WU NI UTAOUANLANFUDI N5-N6, N3-N4 11az P1-P2 a1d1ey
Ed "
dau C,_ iumasmvesaunulszgiamua (1ngad1adelidans12ud) Rvuasuves P1 (P2)
a v A 4. g v - . P
WNsAIINAUMINIANURA NI g, = Ol Uaz g, = Ol'g, AI1Y Ai voagli
4.11 BAUMAY O azdnhaumsn (4.14) uaz (4.15) asluaunisn (4.8) iesviniiy
- o o da a [ o H
Tassadudvanueg 1ddasvoonsmdduiinaudvesdygiuvinadndsaunsi (4.16)

uag (4.17)
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B —R_f' (grrmO +gmpo)+l (4]6)

e i
gmm + gmpl + gmnf) + gmp() +s X

O 8o = G = B ot = B = G W02 W g, = Qg A0TTULIMUAL TUANMST (4.16)

mh

2
R _ gnn (4‘ 1 7)

C,
1 g4s——
28

HANBUAHBINIININDVBIIWIFUN 4.11
HANDUAUBINIIAMILDVD92995317 4.11 HanvuzirwdeInuwszili 4.5 Ao
Lo ) - dy o Vo VY o YV :; ] o
Tumalgiavesnudvoll axdmualidadumu R, i lumsmagisvesdasivee
' [ o 9 ° Y A v w [ - -~ Y
901N AIUAWNUMIU R S udasvneveisnsedisnzidus Aeldisnisnaaes
Uiuf R, edraidvanou udadaunana dsingd R, awnsoliueiedasiveiwuessesla
a o A ' = & A o oA
T VINUUADNFNAT R, MAINZAUYIUADN R, 11971 3 A1 AD 400 k Q (X), 40k Q (L,
o : & o e L o 3 I v
4xQ (O) (Funanngilii 4.13 Fuaasdredydnveinie fu) imiulditiden R, viala
1 & ' & " W g Yy o a ' [
UL LPULADN R, 1NN 400 kQ (<) uaal§3msdiun/asun R, Tuyaa 500Q-15k Q
' P Y e ' " " e 4 b
Y5109 299sfeenuunldioasiverveglusaa 7dB-33dB ualugii 4.13 Fauaasfae

o [ o 1 o [ ¥ 4 = ed ] ° 1
dyanuol X uaasm lumsdiveasiversu 4 miiesnnldismsqu R uduou 4 m

5

1 ; o s 4 1 ‘a 0’: ey o .
mniy wazdlu llluiweufeaduie Weden R, nmmiiandy nimiuldasmsdivnaou

"

[ b
A1 R, TU929 500 Q -15k Quazguunanves R nuaainanagli 4.13 venviniidadaunna 14
NANR, Wiy 400k Q uaza R Sanfeogafelszainm 500Q dawalionsivuisvesdsesil
" = 3 o A - o )
Mggafolszun 33 dB WaN13§1009MsNNuDNe ¥992995310 4.11 Auenimilonn
HARBUAUDINIININD ABRIN15IAA THD iWeuaaInisnlSovuiiioust THD Adyau
unalivuianeg Taolugduaaimsnloumoussvineeesgili 44 dugdn 4.1 Tums
k7 A = d. o ¢;
naavaldnistounudifiva (single tone test) 1aza0IAMD (two tone test) aRIHARIZUT
= o o o d’ @ o ) @ A =
4.14 uaz 3N 4.15 muddy Taviandasvoroussdumilouiufio 10dB A0 1 MHz Az
a o ' ¢ 4 = ' o
NNAdYYIUNAI1D 1IN -12dBVp 9211112995317 4.11 annsataodSuljenanilu
Wadulduinndt 18dB  iaifivuiuieesiAufensziii 4.4 uazluviueudoddu ioaes

e Gi ﬂl l 4 as Al é o ﬂ-
HITUTINANTUDAN lﬁﬂﬁﬂlﬂﬂﬂ’l THD “'li-ﬁll.’dﬂ"a‘ﬂ‘izljﬂ 4.18
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UM 4.13 HaREUAUDINIANUDYDIIT VGA 1D R, : 400 kQ (%), 40 kQ (), 4 kQ (O

Total harmonic distortion (dB)

uag R, mogluaia: 500Q - 50kQ

L)
O : Original VGA - O z
[] : Proposed VGA | o |
o
O
O O
O O]
N D — S A —— - — - —
-35 -30 -25 -20 -15
Input level (dBVp)

U7 4.14 uerasn1 THD Taomstlounaufiifon (single-tone test) TaiA8AT L1015 97

10dB 1azAU0 1MHz
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2993317 4.11 Hdomuvesnesfeansmiian 1dneldus i Iwites 0.5 Trad
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=) J n; o b7 b
4.4.2 ﬁ‘éllﬂ1‘51iﬂﬁﬂﬁﬂﬂ!ﬂﬂﬂﬁ&'ﬂ’ﬂd?xﬂ'ﬁ VGA ‘ﬂﬂ'ﬂﬂl!‘lﬂ]ﬂ'ﬂ'}Qﬁ]ﬁﬂulmlﬂﬂlﬂ‘ﬁ

v da o d
Iﬂ‘iﬁﬂ‘i]ﬂ‘ﬂﬁ THBDHWIAUY

d‘ = ' F o/ P
M19519N 4.3 miLﬂgU‘ULY]U‘U‘E%H'J’N'J\W?‘FI‘IJH'U‘Uﬂ‘U'NTIi‘VI 1

29930 1 (1 4.5)

903aunuu Ui 4.4

Parameters
Supply voltage v
Technology 0.18 £ m CMOS
Power consumtion (static) <60 uw 60 4 W
Bandwidth ~ 50MHz ~50MHz
Input-referred noise (gain = 20dB) 8.0x10° V* 9.4x lO'B Vv
Differential output signal swing for - 0.76Vp 0.33Vp
40dB THD
THD improvement > 13dB %
Gain range at constant bandwidth 25dB 23dB

masii 4.4 nsnSoufousEn a2
Parameters N%‘iﬁ 2 (30%‘531]1?; 4.11) 'awsﬁ'mmugﬂf'; 4.4

Supply voltage

0.5V

Technology 0.18 £ m CMOS (V,, = -0.43V, V= 0.45V)
Power consumtion (static) <25uwW 25uW
Bandwidth ~ 10MHz ~ 10MHz
Input-referred noise (gain = 10dB) 27x10* V? 73x10° V'
Differential output signal swing for - 0.31Vp 0.13Vp
40dB THD

Output IP3 (two-tone test at IMHz 13dBVp 0dBVp
and 1.1MHz with gain=10dB)

Spurious-free dynamic range (gain = 49dB 39dB
10dB)

Gain range at constant bandwidth 25dB 23dB




59

ci o v LY =}
4.4.3 2395 VGA minauelaslylnssaiamsilounavaunuunenn

Y 9 da o :fn,: S Y
MI0oNBYVADT VGA .Iﬂtlﬂ'lﬁisﬁiﬂﬁdﬂSN‘ﬂ51u”ﬁﬂUW1lﬂufﬁﬂQﬁﬂ~‘i’JW$ﬂlﬁ

o w

v .
vwaue luda luito 4.4.1 Ivomuasansoiiam 1dnoldus sdu Iiaosd naziuiias
o =5 & da ' o ad & w ] A L e w
Nud uandodeuluisesvenuadsvervseyluszaumnnzidia Fadnaiooiiofovniy
:5 YA Y YA g w a ad ar n’: -

Whvueine 1A Aedeaniseanuuulins VGA IHRuuuaIss2auInnz1dsa aaiudaneioiy
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HANMIMNUV09I303311 4.19
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307 4.19 uanamsugneudnuaud G, Tulnsaadregalii 3.17 Aonsmdaoudn
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o a o o [ L4
AU g, YDINTIUTAADST M, -M,, UAZNI TUTADUANUAUT G, , HARIAI g, , YOI M, -M,,
[ [ 4 = :
daunsudneudnuaud G, voeIasaad1azui 3.17 lureeszii 4.19 1deenuvulaeld
mAANstounauTmAUMALIA Source degeneration oY ILINUANMT T UFUVDI2995
= < o s 4 s w
TaonnsugnouANUAS G,, = g,,/1+ g,.R, 1110 g, 1Tunswdnoudnuaus M, M, uaz
o v W @ 1 o 3 ' 4 H 1
FMIVIAT1U18Y892993 VGA azamnsolium 1dTaomsuSunlaoua R &1 R Aiianiou
gandaamnsomlinesiinnuduFudu (inearity) o 1/g,, Inaannudumu R, Tu
= 1 o 1 & = = =) =
Taseadradiduniido R, Tua9es dau R, Fuiuduyadufiuaud z, Gadszum
o o -] .
R, =1/R g,.8,, WATAIMIYC, 1Az C,AONAIINVOIANNDYSZYAUYA (equivalent  total
d. o o e d' é "
capacitance) M Tvua XuazIvua yvoaravsamdidy dwaaslugili 4.19 daeeldac
b

uaz C, TavdsznmAsiic, =C,,, + C,, 402 C, =C,, + C,

AvesaunlsninuadesnnmsnfTouiiouszninlaseadiagilil 3.17 uazaeesgii
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4.19 annsohaaudsmaniugumummanuduius lanimwniinesyn lannees
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wnu luaumsi (3.30) (3.32) uag (3.33) Aaaunisae il
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C\'),,z s gngrnJ (419)

(l 2 ngR,\)(CgNZ + ngl )(Cgu'Z + CI. )
[%j&) +R, (Cgﬁ ¥ C,_)
Zes _1_ 18 m28m3 (4.20)
2 J(cg,z +Cp)(Coa +C,)
Em28m3

VAN (4.5) 5Emnsolium g, 1Az R iiediusas vy uAdmiuaeesiesldns
U5V R 1u0819R02
HAN13$1809M15119189092393 Tao 19m151imes uazvuinveans uFmans 1y
ms$reamaaudaed 4.5 uazldusadu idos 1 Taad vouna luTad%uoe 0.18-um
uazusRuTa ud Ve MM F MR THTIAE Y (NMOS) tazyiiafi (PMOS) #imszam 0.25

o o w
Taa9 uaz 0.29 Trhad awdidy
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m‘inﬁ 4.5 W’ls"nmﬂﬁI.Lﬁg‘uu']ﬂ‘ll'f]\?ﬂ'i'lﬂ“lfﬂlﬁﬂ'ﬁﬁak‘]inluﬂ'liﬁl']ﬁﬂﬁﬂ'ﬁ‘YI'N’I'N‘UEN'NﬂT VGA

muldusseuvides 1 Thad

Design parameters Values
M1la-Mlb 1.0um /0.3pm
M2a-M2b 1.0um /0.6pm
M3a-M3b 1.0pm /0.8pm

Iy 12uA
L 500 z A
R, 1K Q

Nanni‘immm‘sﬁmmanwsgﬂﬁ 4.21

51 4.20 uaRsraRBUAUBINIAEYE12995 VGA i muald R, MY 1kQ
waznsnlounlasd1 & Tugas 1kQ-s00ke  dawalddasiversvesisesuldoulieg
Tuana 1Jszann 12 dB 04 13.04 dB Taoilszanm uaﬂmnﬁvﬁauﬁﬂmaswmsﬁmﬁauﬁ'iytgm
fAnMINeITueiind 199 30 THD uanedezit 421 Fawamsnaasadana 18vnmsld
ﬂqr{%'ummmsﬁmmnﬁﬁmu ‘ﬁlﬁﬂﬂ’h Periodic steady state simulation (PSS) éuﬂuﬂaﬁ%’u
fiftogu Tusunsuit 198 1aeamavhauvossesiufe Tsunsy Cadence Spectre Tugalit 4.21
uansanasuveandazed Tuiin Taodounnudidunail 400 MH. daugUfi 4.22 uaas THD
fviavesdunauanaisiuTaosziiud 7 1% THD wwuavesdunaiianlszum 37 fiad

Tad
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4 a ' a &4 o a o
3UM 421 nfSvuifioy THD (dB) sznineeans Tuilni 1 Auens Tuiinii 3



400 . B0g 80.0 100
‘input veltage (E-3) s

317 4.22 THD (%) VS vu1avoussaudunamy)

vInHanIsnaaeIfinaul lavms ldmatdanistloundunuuneniivl ismirn
wivuiisuiueesdui ldmatinderduiinhiiguauifnund TaonSouivuguauiadie
ANUTURUSNF0N1 figure-of-merit (FOM ) Aaarumisi (4.5) uazwanisnfsouiouitu U

A1319N 4.6

31N 4.6 uaraawonslisuivuguauiAvenssioonuuunueesou lavldimaiia

1A
’Jdﬂ'iiﬂ"?‘l 4.19 [17] (18]

Process 0.18-pm 0.18-um 0.18-um
Supply voltage v 1.8V 1.8V
Power consumptions 500 pW 100mW 189mW
DC gain (differential) 13.04dB 50dB 42dB
Bandwidth(-3dB) 1.78GHz 9.4GHz 9GHz
THD 54dB - -
FOM 27.83 12.86 15.56
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71t 4.23 dodsznusmns e lursiieonuuunSvuidoudy Tassadagyi
3.17 1@ nswdneudnuaud G,, Usznudio g, 10 mFmaes M, -M,, nsudnou
Anuaue G, Uszumdin - YDINT T NIADT M,-M,, HAZNS IUFADUANIAUS G,, ¥4
T imatinreasuszniansugaaes M, -M, 1o R, fafu G = 8ma/(1+ &,3R,) o g,,
fonsmdneudnuaudues MM, sasunonseduvesinsiiamnsanaounasio &,
wazasessginnuilududugaiie r Srgand1 1/g,, dawanudmulnen R, =1/g,,
waz R, = R, dwmSvaudulszyaiouvesrsnssmc uazC, voalnuax wazy i

¥ ¥
AlszinmC, =C,, 102 C, = C,y, + C, mud1ay Auiuilothamisiiimesaiesg unumly

o2

A o l:ly
aun1g (3.30) (3.32) uae (3.33) mwx‘lﬁ’mu

_ ngRL (l + ngRs)

, = (4.21)
AV 1+gm3(RS+RL)
”1 = Em2 t Ema&m3 (R" e Rf- ) (4.22)
(1+8,3R,)- R, (Cgsz )(ngz + Ci.)
Gi= % oa hutsilCon 6 (4.23)
T R P
g’"z gm2 1+ gnﬂRs ¢

] o v
=) = o/ =

HAN3$1099n159M1UY892995 Mdsnuigydenmuaiiaianieondi 8so lu
o - = . = a - d [
Tnsind vagiidon R, tszanm 1 Alalevu e 1w lduuuaIs 1.8 Innziasa uazdasvow
4 4 4 " 4
1425 dB BUAAINAADDAUDINIANNAVDINITNOONUUDAIZUTN 4.24 1A doumaq
1 3 1 ¢ 4 = a " w o o o o
AR, Aaud 10 Teviuda 1 AlaTeru wundasveouazuuuaisveasesiduilandunndu
¥
fiu (trade-off) HAZFINAYYDINITUTY R, (tunning Range) HA1)szaint 10 dB ueniniild
o o 4 e ' é o o i
$ra0anisiianuiiodant THD #1144y PSS veaTa)sunsy Cadence Spectre 1¥Hadagz1i
& o a s = as ' o a o o a 4
4.25 Faansmnaiuvesduna laodanSvumsuiuszniiees luiini 1 uazens luiinh 3
N2 400 MHz (single-tone  test) 1AZOATI1VYI0 14.25dB 92 1¥A1 THD fuana1anu
Uszum 40.27 dB @15 u31UN 4.28 uaasa1 THD Nvunadunauanaanulasiandnsiveiw
v d o o s - a a a o
14.25 dB Wy 1 1esisuves THD dygroueminaansoaialdgegai 170 Haa liaa
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14 a a ' = q’: ' ad a a 1 e -
uazio v lagduinsa lurwuuais Awa 11330 59 2 Snnidsa 1dmdyanusuniui
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¥
BUMA (input-referred-noise) Miavualszana 114 lulas Trad nazmdasidmvosdya ude

o a

a < & o
AYYINITUNIUDUNA(signal-to-Noise ratio: SNR) TavAan 1 ulesiFuves THD Falvuia

8 ¥
Bunalszinm 32 dad 1ad dniudiuau SNR 1852w 43dB dmsudyanusuniui

a a a n,: n‘: ' ad a ad a
IDINNABUNINTATINTNHUAAILAT I 1 1357 ﬁﬁ 2 ﬂﬂﬂzlﬂiﬂUﬂ'l‘lJ'izlJ'lﬁl 460 mes

-:‘t g a o et b1 o ° 9 o - a d”
MIN 4.7 mmsmmas‘niﬂumiﬂammmwsnmmu‘amuhmimammﬁmu"lﬂmua 1

Thad
Design parameters Values
M,-M, 80 pm /.024 pm
MM, 30 um /.024 pm
M- M,, 40 pm /.024 pm
I, Luag I, 25 pA, 150 pA uaz 250 pA
R, 1kQ
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317 4.25 dulnasuvesduna Tnudalinautiduna 400 MHz 1A 5A 19010 14.25dB
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1% of THD

Input voltage =32 mV

20 30
Input voltage (E-3)

317 4.26 A1 THD NVABUNALANA 1Y

nSouivuuauiavesisesneenuuuiununinudesdionisnlsvuiiounn figure-of-

& v w do 4 1 wa 1
merit (FOM) BAUTAIANUTUNUTAIAUNT (4.5) FIAAINT FOM LDSHUTUUANIY VDI

jsminaueiunuduNineveInaaailunsen 4.8

M3191 4.8 a3URuanianiee TaoSousznnessimiuruedununineades

50

299331071 4.23 [17] (18]

Process CMOS CMOS CMOS
0.18- pm 0.18- um 0.18- pm

Supply voltage v 1.8V 1.8V
Power consumptions 850 pW 189mW 675mW
DC gain (differential) 14.25dB 42dB 50dB
Bandwidth (-3dB) 1.8GHz 9GHz 9.4GHz
SNR (at 400 MHz) 43 dB - -
FoM . 20.77 15.56 12.87
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HONNITNINUVD DT
- - 1 ' c; A o i 3
31N 4.27 1EAIINIAIALIBGIAIWYDIIINT VGA 29951 3 Faganaly lnsaadie
o =4 i 1 = U Y A - 9 =) o
msteunduauuyuue v LALANAI99INIITNDONLVUNBUNLN A 18N 1N UTAADS
NMOS tfipsadramouiie1HaeasuaaauudIsgaga 1ngUil 4.27 nsudnoudnuaud G,
's = o o W
uaz G,, U995 ADUNBUTDT & (common-source) YDINTIUFAIADT M, uag M, MUMAY
= a 4 P ]
uen G,, Qﬂi%&ﬂuﬂﬂﬂhﬂumﬂ (common-gate) YOINTTUBALADS Mz.nszuamsun'lﬂamu
= o ] - [ = s n’: [
NIUTANDT M, LAz M, gmmwmnixuﬁw‘luamummmmma{ M, A9TUTIFIWAANS

o

v
- o =1 = o v 1 7]
Ausdmve92993 18 uvenniniinsuFmani M, uaz M, vaegluzldvesginmsiloundu
& e a L 3 a P o o vV ow 9 o 4
AU FINBUNUAUTAM InuA x  H131AT12HNA1VDAT MAINIUNUVDITYYIUVUIAANT
9 o o 3
Trua x uaz Inua y Uszuna'lédd ¢, 4 wag /e MUY 2993510 4.27 1579150
y gds,gm_'gmj g.m] L]

o o (] 1 o
widanduooTouvods lavdw ldasaums

vou gmlng ¢ sZc 53
() =- foaas (4.24)
n 32 +s Em2 iy Em2&m3
cng Cgr?cg.rj

INAUNIT (4.24) FI15ATAA1WEAT SA5190I0UT IFUNLIVUATTH -3dB 3
ANSENR-g, /g, U (8,:8,/CpuCp)  AIWAIRNY FTusAT V015 IR LYD905 *nziij‘umj
fumslvundasi g, uaz g, uazdmiunuuaIsveiasszgnimualae 4, voq
NIUFMADI M, ag M, 29053171 4.27 a3 TLS 1FUA (low voltage opearation) 18
mﬂzs’fmm'iﬁ1ﬁ'quiqﬁu"lﬂlﬁymﬁhqmﬁm 2V, +Vy, 7995 VGA fozrinauede il
152noUAWINTVLIUHAAI (differential gain stages) ADAMAAAAUAUTIUIU 6 NIA Hauana

517 4.28

GainStages
+ o RS — +
Vin ]s> 2nd oo o 5th 6th Vout
- o — =
lai Ie=atlGi Ia lez=ala

° o

311 4.28 M5ABMMAAYDI99T VGA Miuaue 11U 6 1A
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510 4.29 2995 vGA TavlFlassadramstlounduavuuuueniin: 23937 3

31 428 SaswooussduvosudazmagnaIugudonszualusansa (DC bias
current) Aanaaslua99s31i 4.20 Fuiluae9s VGA unumaga (differential VGA) Tauees
MansnueIs VORI uANTYI (fully-differential) umvwsgﬂﬁ 4.27 vaizi lumada
w iuravsvnenamaiion (psuedo-differential) danaitu 14 mudanes M, uaz M, oy
lugduuuvesmsazReunszuadaosasidauwes oL uazdadumu &, gnlfiovaize
AN uazﬁamﬁn“lﬁuuuﬁ?wmawaqa %amﬂﬁnﬁygnmmuﬂu [23) HAVDINIIAD R, T
7929933107 4.29 ifovhinsiAsunlaset R, Tuga9 0 S 10K Q uamsmadazIlii 430 fof
R D 0Quaz 2k Q uaasdioduiunsdudgavosgiil 4.30 uazidloiy &, 11 4kQ,
6kQ, 8k O Az 10k QiR IBLT ARy sziffuiuile R, duduazfaR
AnegaIudae fafudden &, qasﬁu'lﬂmﬂﬁqwaiﬁsﬁﬂﬁﬂﬁqq«ﬁuﬂﬂﬁ"su Faorvdanaiiv
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HAzF T eI IVIONT IRUV092993 317 4.29 gRadunudremisldsunlasminssua Tuda
4 o 4 4 < v v 1
1, waz I, mdnszuaisseudowiudoidiunsaou g, e sasidaums ludan 1,

¥
Hiawiny ar, vazdmiuluawesiidmuald o Sawiidu 3.

:; ) = P 9 P
M5199 4.9 MNISINADIN 1% 1UNITDONUVVINTN 3

Design parameters Values
WG 30 #m/0.24 um
W) i 40 £ m/0.24 ym
) & W— 2.5 pm/0.24 um
&) 5 T— 7.5 ©1m/0.24 ym

I 2 mA
Lo 3 mA
R, 10KQ

HAN391009M M NUVBI33UTN 4.29
nMs$1aeInshevednes smualdvinauazmiimesvesseniudms
= Y e & ¢ o o <
M3199 4.9 uaz 1usauIvides 1.8 Thaa wams§iaeansiiuessssjui 429 uaas
o = & g 1 a o P =
HAADUAUDINIININDAFUN 4.31 FeezmunTuvuaisgegad -3dB Tavlianlsznin 3.3
GHz 11229299A31901005 39 UVD329930g 1UT23 0 19 56.4 dB on)avun)asm ,, Ture o
§9450 1 A UAAIRUANHULNITAIVANYDIATIVU102995 TUN1 dB (linear in dB) TAAs31)
] ¥ " ' "

# 4.32 uonnindidauaaswanissiassmsiauieguaves THD Wenlasuuasiiving

unANANNDA1IY AIgUN 4.33
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Gain Voltage (dB)

B 8 & 8

Gain Voltage (dB)

-
o

108 10° 1010
Frequency (Hz)

511 4.31 HARBUANBINIIAINAVDI299T VGA 29937 3

101!

100 200 300 400
Current (Ig,) (E-6 Ampere)

141 4.32 QuanyUrMINIUANTATIVUIBYBIINT VGA 29959 3

500
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2.0

1.75

1.5

1.25

0 200 400 600 800 1.0
Input voltage amplitude (E-3)

310 4.33 ueraana THD Numnaus dudunanieg

WivuimvuguauiifvesssieonuuuiunuiineidesdronisnlTouiiount figure-of-
4 v o da &4 ' wa 1
merit (FOM) FUAAINNVAUNUTAIAUMT (4.5) FIUTAINT FOM LALAVANVARI VDI

2vsMinaueiuuduNNYIveIduansluas1an 4.10

M99 4.10 agUguantiaaeg TaonlSouszrinaesiiuaueivauiinoados

Parameters 29331429 [17] (18]
Process 0.18- gm 0.18- um 0.18- um
Supply voltage 1.8V 1.8V 1.8V
Power consumptions 24mW 189mW 100mW
Differential DC gain 56.4dB 42dB 50dB
-3dB Bandwidth 3.3GHz 9GHz 9.4GHz
SNR 57.43 dB = =
FOM 39.16 15.56 12.86
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a3129959 3 N3929933UN 4.29
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v .
1. fumdsauuaz I
9 o= —

2. TuuuAIsuesasgeganiszuim 3.3 GHz

[ @ W 9/ -; c!.! = a a o A =
3. %¥29M5 U5 VR VEIBN IV LLBMEUNUNN TN N U AB1I¥annl 0 dB D3 56.4 dB

~ c:‘.ll = o/ = éli
4. 1 Fom gadlonlsouinoufuauitudu

Y o & A e - d o "
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A Compact Class-AB CMOS Variable Gain Amplifier

Phanumas Khumsat
Department of Electncal Engineering
Faculty of Engineering, Prince of Songkhla University
Hat-Yai, Thailand 90112
e-mail: phanumas.k@psu.ac.th

Abstract— A compact class-AB variable gain amplifier has
been proposed. The amplifier structure is based on two-
stage architecture comprising a linear transconductor
cascaded by a curremt amplifier-based feedback
transimpedance amplifier. The major advantage of such
VGA circuit is its ability to ofTer a good degree of signal
linearity without sacrilicing the original advantages of its
predecessor on both aspects of the power consumption and
circuit complexity. Superiority of the proposed YGA has
been confirmed by circuit simulation employing 0.18jum
standard CMOS technology in designing a 50-MHz VGA
under 1V supply voltage draining static power
consumption less than 60pW.

[. INTRODUCTION

Variable gain amplifier (VGA) is an important building
block that is used (o maximize the dynamic range of the overall
syslem in many applications [1], (2], [3], In communication
receiver, VGA is typically employed in a feedback loop to
realize an automatic gain control (AGC), to provide constant
signal power to baseband analog-to-digital converter (ADC)
for unpredictable received signal strengths. The voltage gain of
the VGA is controlled by the AGC loop, and a linear-indB gain
control characteristic is usually desired to obtain constant
settling time of the AGC loop [4]. In addition, VGA is
generally required to maintain high linearity and low noise
over the entire bandwidth and gain range. It is also important
that the bandwidth of the amplifier remains constant when the
voltage gain is varied and this can be obtained by employing
current-mode techniques [5].

In portable communication devices, VGA, as well as other
circuits, are required to operate with low power supply voltage
and low power consumption. As the process technologies
develop, the maximum allowable supply voltage will scale
down. It is inevitable that most low power integrated circuits
will have to operate with power supply voltages between 1 V
to 1.5 V. It is very challenging to design a VGA with high

This work has been financially supported by Thailand Research Fund (under
ant no. RSA4680027).

Apinunt Thanachayanont and Siraporn Sakphrom
Faculty of Engineering and Research Cenler of
Communications and Information Technology

King Mongkut's Institute of Technology Ladkrabang
Ladkrabang, Bangkok. Thailand 10520
e-mail: ktapinun@kmitl.ac.th, yungying_ee@ yahoo.com

linearity and wide bandwidth with low supply voltage and low
power consumption.

Recently, a compact low supply voltage and low power
consumption VGA in [6] has been designed to achieve high
linearity and wide bandwidth with acceptable power
dissipation. However, since its operation is limited at class-A
amplifier, signal swing is small compared to class-AB
amplifier. This paper presents an improved VGA to the circuit
in [6]. It will be shown that the proposed circuit operates in
class-AB manner outperforms its predecessor (class-A),
especially, in terms of signal swing and linearity while
maintaining the same static power consumpticn and silicon
area.

IL TWO-STAGE CURRENT-MODE VARIABLE GAIN
AMPLIFIER

The recently proposed VGA in [6], [7) has shown its
versatility and potential to operate at low supply voltage, low
power consumption with high bandwidth while maintaining
good degree of dynamic range and occupying small silicon
area. This VGA’s architecture is presented in Fig. 1a, which is
a cascade of a linear transconductor cascaded and a linear
transimpedance amplifier with shunt-feedback resistors (Rf).
This allows constant bandwidth when varying the voltage gain.
The voltage gain of the VGA circuit is the product of the
transconductance pain (Gm) and the transimpedance gain (R..).
The transimpedance gain is given by

R, =_[Rf_""_ﬂ] o)
1+4,

where Rin and Ai, respectively, are the input resistance and the
current gain of the current amplifier. Note that, when Ai >> 1,
we have R, =R, There a linear Gm and a high-gain current
amplifier are required to realize a high-lineanty VGA.

The proposed VGA circuit realization in CMOS is also
depicted in Fig. 1b. The circuit is very compact; it however
possesses a major limitation at which the output current signal
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swing is restricled by constant current sources, i.e. the VGA
operales in a class-A manner. This would prehibit the VGA to
achieve a rail-to-rail outpul voltage swing.
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Fig. 1 VGA proposed in [6], [7] (a) archilecture (b) circuit
realisation with CMOS.

m PROPOSED CLASS-AB VARIABLE GAIN AMPLIFIER

An improved VGA based on the architecture of Fig. lais
presented in Fig. 2. The wansconductor stage (N1 - N2, Rs)
utilizes source degeneration technique without any constant
cument sources in order lo maximum transconductance/bias
cumrent efficiency and minimize supply voltage and noise [8].
Despile these advantages, such structure possesses a serious
drawback in being unable lo reject common-mode signal. The
second stage mirror-based current amplifier (P1 - P6, N3 -
N6) resolves this problem by employing feedforward technique
that allows differential signals to be constructively combined
while on the other hand cancel a common-mode signal [9, 10].
This current amplifier combined with feedback resistors Rs
form a transimpedance amplifier mecessary for current-to-
vollage conversion. Moreover, such outpul stage also provides

a class-AB operation allowing larger signal swing compared 1o
ils predecessor presented in [6], [7]. Thus the major advantage
of such VGA circuil is its ability to offer excellent signal
linearity without sacrificing the original advantages on both
aspects of the power consumplion and circuit complexity.
A small signal transconductance of the first stage is simply
expressed as
Gp= S
1+ g,Rs +3R,C,,
where gm and Cgs are respectively transconductance and gate-
source capacilance of N1 and N2. The amplifier differential
currenl gain A; and input resistance R, have been analysed to
be

(2)

& Zm
A = i ——r (&)
d Lg,_-+£,i[ * . +JC,J
and
1 @

g t+3C,
Where g, Bms aNd gmy are transconductance of P1 - P2, P3 -
P6 and N3 - N6 respectively. The parameters C, and C, are
equivalent total capacilance (referred to ground) at gates of P1
(P2) and N3 (N4) whose values are mainly contributed from
gate-source capacilance. Al low frequency, since gnx =
Zrs(/2), thus Ai of Fig 2 equals to «, which is the same as
whal oblained from the original circuit in Fig. 1b. Thus, by
substituting (3) and (4) into (1), a small-signal ransimpedance
gain could be obtained to be

A{ZRI—L+J'&[R!7 : II
B e g 8 8 (5
2|:1+
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{8 2
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Fig. 2 Improved VGA based on the structure in Fig. 1a with

class-AB output stage and signal feedforward topology.
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The feedback resistor Rf is selected to set a voltage gain range
whereas a source degeneration resistor Rs is tuned to vary the
amplifier gain. The minimum value of Rs sels the maximum
gain for a specific gain range (as previously set by Rf) and it
also defines the maximum static current consumed by the
VGA. The similar technique proposed in [§] can be used to
wne the grounded resistor Rs.

v, SIMULATION RESULTS

The improved VGA circuit was designed to operate with a
single 1V power supply voltage. The circuit was simulated by
using Spectre employing a 0.18-um standard CMOS
technology where device threshold voltages were 0.49V and -
0.46V for NMOS and PMOS respectively. With « = §,
transistor sizing of the VGA circuit in Fig. 2 is listed in Table [.
The minimum value of Rs is chosen to be 500 Ohms to ensure
a i ment cc ption not exceeding 60pA for a
bandwidth over 50MHz.

Table I: Transistor sizing within the VGA operating under a
1V supply voltage.

Transistors ‘W/L (umfum)
N1-N2 1.5/0.18
P1-P2 10/0.5
P3 - P6 25/0.5
N3 - N6 5/0.5
10 g mmu’ S LA n‘

Fig. 3 Frequency response of the VGA where Rf: 500k,
150k€2, 50kC2, 15kQ2 and Rs: 500Q - 15k2.

It is vital to see how the proposed VGA perform compared
to the original VGA circuit of [6], [7] using the same design
process. The proposed VGA and its counterpart class-A circuit
have been designed under the same power supply voltage of

91

1V with identical static power and occupy same silicon area.
By using a periodic steady-state analysis within Cadence IC
design platform, Fig. 4 show simulated output signal swing and
total harmonic distortion (THD) compared between two VGA
circuits al the same voltage gain of 20dB where we can see that
the linearity improvement of over 13dB can be achieved. The
THD improvement at various gain values for differential
output amplitude of -10dBVp at 1MHz and at other
frequencies are depicted in Fig. 5. Other performances are
summarized in Table I indicating that the proposed VGA is
more superior specifically in terms of linearity.
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Table II: VGA performance comparison.

Parameters This work | Circuitin [11]
Supply voltage 1w
Technology 0.18um CMOS

(Vip = -0.46V, V= 0.49V)

Power consumtion (static) < 60uW 60uW
Bandwidth ~ 50MHz ~ 50MHz
Input-referred noise (gain | 8.0<10% V7 | 9.4x107 V*
= 20dB)
Differential output signal 0.76Vp 0.33Vp
swing for -40dB THD
THD improvement > 13dB -
Gain range at constant 25dB 23dB
bandwidth

V. CONCLUSION

A compact class-AB variable gain amplifier has been
proposed. The amplifier structure is based on two-stage
architecture comprising a linear transconductor cascaded by a
current amplifier-based feedback transimpedance amplifier.
The major advantage of such VGA circuit is its ability to offer
a good degree of signal linearity without sacrificing the
original advantages of its predecessor on both aspects of the
power consumption and circuit complexity. Superiority of the
proposed VGA has been confirmed by circuit simulation
employing 0.18um standard CMOS technology in designing a
50MHz VGA under 1V supply voltage draining stalic power
consumption less than 60pW.
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Abstract— A compact class-AB variable gain amplifier has
been proposed. The amplifier structure is based on two-
stage architecture comprising a linear transconductor
cascaded by a class-AB current amplificr-bascd feedback
transimpedance amplifier. The major advantage of such
VGA circuit is its ability to offer a good degree of signal
Tinearity without sacrificing the original advantages of its
predecessor on both aspects of the power consumption and
circuit complexity. Superiority of the proposed VGA has
been confirmed by circuit simulation employing 0.18jtm
standard CMOS technology in designing a 10-Mlz VGA
under 0.5-V voltage supply with MOS's minimum
threshold voltage of 0.43V while draining static power
consumption less than 251W,

1. INTRODUCTION

Variable gain amplifier (VGA) 1s an important building
block that is used to maximize the dynamic range of the overall
system in many applications [1]-[5] In communication
receiver, VGA is typically employed in a feedback loop to
realize an automatic gain control (AGC), to provide constant
signal power to bascband analog-to-digital converter (ADC)
for unpredictable received signal strengths.

In portable communication devices, VGA, as well as other
circuits. are required to operate with low power supply vollage
and low power consumption. As the process technologies
develop, the maximum allowable supply voltage will scale
down. It is inevitable that most low power integrated circuits
will have to operate with power supply voltages between 1 V
o 1.5 V. It is very challenging to design a VGA with high
lincarity and wide bandwidth with low supply voltage and low
power consumption.

Recently, a compact low-vollage and low-power VGA in
[6, 7} has been designed to achieve high lincarity and wide
bandwidth with acceptable power dissipation. However, since
ils operation is limited at class-A amplifier, signal swing is
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small compared to class-AB amplifier. This paper presents an
improved VGA 1o the circuit in [6]. It will be shown that the
proposed circuit operates in class-AB manner outperforms its
predecessor (class-A), especially, in terms of signal swing and
linearity while maintaining the same static power consumption
and slicon area.

1. Two-STAGE CURRENT-MODE VARIABLE GAIN
AMPLIFIER

The recently proposed VGA in [6] [7] has shown its
versatility and potential 1o operate at low supply voltage, low
power consumption with high bandwidith while maintaining
good degree of dynamic range and occupying small silicon
area. This VGA's architecture is presented in Fig. la. which is
a cascade of a linear transconductor cascaded and a linear
transimpedance amplifier with shunt-feedback resistors (R).
This allows constant bandwidth when varying the voltage gain.
The voltage gain of the VGA circuit is the product of the
transconductance gain (Gm) and the transimpedance gain (R,.).
The transimpedance gain is given by

" {u] m
I+ 4,

where R, and 4,, respectively, are the input resistance and the
current gain of the current amplifier. Note that, when A, >> 1,
we have R, =-R; Therclore a lincar Gm and a high-gain
current amplifier are required 1o realize a high-lincarity VGA.

The VGA circuit realization in CMOS is also depicted in
Fig. 1b. The arcuit is very compact; it however possesses a
major limitation at which the output current signal swing is
restricted by constant current sources, i.e. the VGA operates in
a class-A manner. This would prohibit the VGA to achieve a
rail-to-rail output voltage swing since the current signal swing
is limited by fixed bias current.
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Fig. 1 VGA proposed in [6), [7]
I PROPOSED CLASS-AB VARIABLE GAIN AMPLIFIER

An improved VGA based on the architecture of Fig 1a is
presented in Fig 2. The transconductor stage (N1 - N2, Rs)
utilizes source degeneration technique without any constant
currenl sources in order 1o maximum  transconductance/bias
current efficiency and minimize supply voltage and noise [8]).
The resistor networks Rb, Rg have boen utilized to shift bias
voltage at gates of NI, N2 1o 0.35V from the VGA's input
quiescent voltage of Vip/2 = 0.25V [9]. This technique allows
the transistor to operate in a moderate inversion region for 0.5-
V design when device's threshold voltage is ~ 0.43V [10]. The
second stage utilizes a current mirror-based current amplifier
(P1 - P4, N3 — N6). This current amplifier combined with
feedback resistors Rf form a  transimpedance amplilier
necessary for current-to-voltage conversion. Moreover, such
outpul slage also provides a class-AB operation allowing larger
signal swing compared to its predecessor presented in [6], [7).
Thus the major advantage of such VGA arcuit is its ability to
offer excellent signal linearity without sacrificing the original
advantages on both aspects of the power consumption and
circuit complexity.

It is important to note that a common-mode leedback
(CMFB) amplifier is emploved to set quiescent voltage at
drains of 1, P2 10 be at Vier = Vpp'2 and maintain quiescent

94

current of P1 - P6 at canstant level regardless of Rs and R
values. Also, appropriate transistor sizing makes DC drain
current of P3 (P4) cqual to that of N5 (N6). ic., same
transconductance, and there is no DC current flowing inside
RF. this thus automatically sets the DC oulput voltage to be the
same as at drains of ', 12, 1.e.. al V(= Vpp/2).

A small-signal ransconductance of the first stage is simply
expressed as

2)

: £.R (
R — =
(R, + R, +g.R.AR, + R ]+5C,(R,R, + RR, + R,R,)

where g and Cps are respectively transconductance and gale-
source capacitance of NI and N2. The amplifier diflerential
current gain A, and inpult resistance R, have been analysed to
be

(g +8n,-o) 3)

e T 8p +3C;

A=

and

- ' @

i @,.. + g +5C, i

wWhere g, Bmyos B ANd Bryy are transconductance of N5 —
N6, N3 - N4 and P1 - P2 respectively. The parameter C, is an
equivalent tolal capacitance (referred 1o ground) at drain of P1
(P2) whose value is mainly contributed from gate-source
capacitance. At low frequency, Since Zmpo = O i a0d Emao =
s thus Al of Fig 2 equals to ¢, which is the same as what
obtained from the onginal arcuit in Fig. 1b. Thus, by
substituting (3) and (4) into (1). a small-signal transimpedance
gain could be obtained o be

- ‘R_r(gmo *quo)"'l 3
B + By + Ene ¥ Bupa +35C,

2

Y o = Zopi = Lows Bomo ™ Bwps ™ Gt With Zop = gy, this tums
(5) into

e
B o——fm

(O]

1+a+s(—‘

Eni
The feedback resistor Rf is selected to set a voltage gain range
whereas a source degeneration resistor Rs is luned 1o vary the
amplifier gain. The minimum value of Rs sets the maximum
gain for a specific gain range (as previously set by Rf) and it
also defines the maximum static current consumed by the
VGA. For very low-voltage practical implementation (e.g 0.5-
V power supply), arrays of switched resistors can be utilized Lo
tune resistars Rs and Rf (3], [11].
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Fig. 2 Improved VGA based on the structure in Fig. la with class-AB output stage

IV.  SIMULATION RESULTS

The improved VGA circuil was designed to operate with a
single 0.5-V power supply voltage. The circuit was simulated
by using Spectre emploving a 0.18-pm standard CMOS
technology where device threshold voltages were 0.45V and -
043V for NMOS and PMOS respectively. With @ = 3,
transistor sizing of the VGA circuit in Fig. 2 s listed in Table 1.
The minimum value of Rs is chosen 1o be 500 Ohms to ensure
a maximum current consumption not exceeding SOpA for a
bandwidth over 10MHz Fig. 3 shows the VGA's simulated
Irequency response.

Table I: Design parameters for the VG A operatng a1 0.5V

Tromsistors WAL (uro/um )
NI-N2 100018
P1-P2,P3-P4 50/0.18,250/018
N3 - N4, N5-N6 160,18, B0 18

Rh,Rg SOKLL, 200k

Itis vital to see how the proposed VGA perform compared
to the original VGA circuit of [6], [7] using the same design
process. The proposed VGA and its counterpart class-A circuit
have been designed under the same power supply voltage of
0.5V with identical static power and occupy same silicon area,
By using a periodic steady-state analysis within Cadence IC
design platform. Fig. 4 show simulated output signal swing
between two VGA circuits at the same voltage gain of 10dB.
Fig. 5 depicts distortion level parison with single and two-
tone tests and we can see that the lincanity improvement of
over 18dD can be achieved (for differential output amplitude of
-12dBVp). The similar degree of linearity improvement has
also been observed at other frequencies as shown in Fig. 6.
Other performances are summarized in Table 11 indicating that
the proposed VGA is more superior specifically in terms of
linearity.

» 3 IO T I AU U, PETY L 4]
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.
.

1e? e [ w> e e
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Fig. 3 VOA frequency response RE 400 ki1 (x), 40 k2 (), 4kQ (O) and
Rs: 50002 - 5002

Fig. 4 Output signul swing compurison with voltage gain of 10dB ut IMIlz
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V. CONCLUSION

A compact class-AB variable gain amplifier has been
proposed. The amplifier structure is based on two-stage
architecture comprising a linear transconductor cascaded by a
current amplificr-based feedback transimpedance amplifier.
The major advantage of such VGA circuit is its ability to offer
a good degree of signal linearity without sacrificing the
original advantages ol ils predecessor on both aspects of the
power consumiption and circuit complexity. Superiority of the
proposed VGA has been confirmed by circuit simulation
cmploying 0.18tm standard CMOS technology in designing a
10MHz VGA under 0.5V supply voltage draining static power
consumption less than 25UW.
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Abstract- This paper describes the design and realization of a
low-voltage low-power RF variable gain amplifier in a 0.18um
CMOS technology. The proposed amplifier employs an active
negative feedback technique to achieve wide bandwidth
operation. Simulation results showed that the proposed circuit
could achleve 1.78-GHz bandwidth with 13.04-dB gain under a
single 1-V power supply voltage, while draining current less
than 500 pA.

1. INTRODUCTION

Modem high storage capacity and high data rate hard
disk drives [1]-[3] demand increasingly high-frequency
high-performance read-channel front-end signal processing
circuits, e.g. preamplifier, variable gain amplifier (VGA),
filter. Gigahertz-range wide dynamic range preamplifier and
variable gain amplifier (VGA) are required to amplify small
input voltage signal from the read head VGA is employed
ina feedback loop as an automatic gain control 1o maximize
the dynamic range of the overall read-channel system. VGA
provides a constant output voltage signal under vanous
conditions to the following detector and filter circuits of the
read channel. High data rate disk drives require VGA with
GHz-bandwidth and wide dynamic range

Recently, wideband VGAs have been successfully
realized in deep submicron CMOS technologies. Gain
control in a linear-in-dB manner can be achieved by varying
transconductance or resistance [4)-[8). Linear-in-dB
wideband VGAs have been realized with circuit techniques
including Gilben’s cell [9], Cherry-Hooper amplifiers [10]-
[11], active feedback and inductive peaking [12]-{13].
Active feedback technique was proposed to enhance
bandwidth and maintain excellent gain flatness within the
frequency band.

In this paper, a wideband CMOS VGA using the active
feedback architecture 1s proposed and realized in a 0.18-pm
standard CMOS technology. The paper 1s orgamzed as
follows. Section 11 describes the proposed VGA
architecture. The corresponding circuit design is presented
in Section ITI. Simulation results and conclusion are given in
Section IV and V, respectively.

II. VARIABLE GAIN AMPLIFIER ARCHITECTURE

Fig. 1 shows the architecture of the proposed VGA
using the active feedback technique [14]. The voltage
transfer function of the amplifier can be written as in (1),
where A4, is the low-frequency closed-loop is gain and @,
is the natural frequency.

978-1-4244-2565-5/08/$25 00 ©2008 IEEE

Vo A 1
v, $+2m s+
4" = G-T.G-ZRL!RIJ (2)
14G,,G, R, Ry,
i G GuRRs 1l
’ R,yR,,CC
¢ 1 R,C +R,,C @)

2 JRLmRLzCsczﬁ +G,,G R R,;,)

From (2) and (3), the natural frequency can be rewritten in
terms of the DC voltage gain, as given by (5) and thus (6).
Therefore the gain-bandwidth product (GB) can be written
as given by (7).

1
= f=— = S
R T i
GG
2 _ —mf-m?
At =2 ©
_G.Ga 1
e m it

As can be seen in (7), the voltage gain can be adjusted by
varyingG,,andG,,. For a maximally-flat Butterworth

response, & = V2/2and @y =251, =, [(27)can be
written as in (8)

G,
A Sl — ®

SinceG,,, /C, = @, andG,,/C, =@y,, thus () can be
rewritten as in (v).
A“_w_w =rf fi

Lia

@

This result reveals that active feedback increase close-loop
GBW beyond the technology f; by a factor equal to the ratio

of f;and the cell bandwidth.
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M. CRCUIT DESCRIPTION
The proposed VGA drcuit is implemented as shown in
Fig. 2. The transconductance G, is realised by g,, of

transistors Mj,-M;, and the transconductance G, is
realised by g, of twansistors Mj,-Mp.  The
transconductance G,, is realised by a source-degenerated
transconductor My,-Mp and R,, thus G, = g.,f1+g. R

where g, is transconductance of Mz,-Ma. The voltage gain
of the proposed VGA can be varied by adjusting R, . For
good linearity, the value of R, should be greater than1fg_, .
The load resistance Ry, = Ry, =Ry and C and C, are the

total equivalent capacitance at node X and Y, respectively,
where C, =C,,;+Cpy andC; =Cyy +C, . Therefore the

voltage gain and the natural frequency can be calculated by
substituting the abovementioned parameters into (2), (3) and
(4), resulting to (10)-(12).

2R (1+8,R )

= 10
AT (R 4K o
w’:\ = £a:8ur s [1+ En1 Ry) an

Rt(l+g-!R)(cp1+Cm)(CN7+CL)
Cpy+ Cy
(—]m (Con + Ct)
R 8u28m 12)
J(c,,a,c,ﬂ NCua +C2)
Eu18us

As shown in (10), the voltage gain can be adjusted by
varying g,, and R, . However varying g with Iss affects
the values of G,; and G, simultancously, therefore the

voltage gain of the proposed VGA is vaned by
adjusting K, only.

T~

oul
o—1

Fig. 2 The proposed VGA cell

IV. SIMULATION RESULTS

The proposed VGA was designed to operate with a single
1-V power supply voltage, using a 0.18-pm standard CMOS
technology. The device threshold voltages are 0.25 V and
029V for NMOS and PMOS, respectively. The circuit was
simulated by using Spectre. The total power dissipation is
0.5 mW, Circuit parameters are summarised in Table I The
mininum value of R, is chosen to be 1k() to ensure a
maxinum bandwidth over 1.78 GHz. Fig. 3 shows the
VGA’s simulated frequency response. The total harmonic
distortion (THD) was sinulated using periodic steady state
simulation (PSS) available in Cadence Spectre, Fig, 4 shows
the frequency spectrum plot for a single-tone test at 400
MHz input to measure the THD performance. Fig. 5 shows
the simulated THD for different input amplitude levels with
VGA’s gain set at 13.04 dB,

Table I Transistor sizing within the VGA operating under a
1V supply veoltage.

Design parameters Values
Mla-Mlb 80pm /0.24pm
M2a-M2b 40pm /0.24pm
M3a-M3b 30pm /0.24pm

Is 12pA
Iss 500pA
Ri 1KQ
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L To compare the performance of the proposed YGA with
- related work. the fipure-of-menit ( FOM ) defined by (13)
" [15] was used.
3
g_u \ FOM = 20l0g Gain- Bandwidth(GHz)
= \ Power(mW)
3r- \ | dwidih &
f idth(G.
_gm \ | = Gain{dB)+ 20log M
3 i Power(mii")
10 \
% The FOM takes into account of gain, bandwidth and power
! consumption simultaneously. The FOM indicates the gain-
P ‘ P! Y B
10° 0 w ' W bandwidth product per uril power consumption, and the

Frequency (Hi)

Fig. 3 Frequency response of the VGA where R, : 1k(,
100k02, 500kQ2 and R, : 1kE2.
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higher #OM mean the circuit has higher performance under
unit power consumption. Table 1l indicates the comparison
of arcuit performances and power consumption between
this work and the recently reported circuits.

Table 11: Performance Summary

This work [13] [14]
Process 0.18-pun 0.18-pm 0.18-um
Supply voltage 1V 1.8V 1.8V
Power consumplions 500 uW 189mW 100mW
DC gain (differential) 13.04dB 42dB 50dB
Bandwidth{-3dB) 1.78GHz 9GHz 9.4GHz
THD 5448 - -
FOM 27.83 15.56 12.86

V. CONCLUSION

A new CMOS variable gain amplifier has been proposed.
The amplifier structure is based on active negative feedback
architecture. The major advantage of the proposed VGA is
its ability to achieved high bandwidth and wide gain range.
Superiority of the proposed VGA has been confirmed by
circuit simulation employing 0.18-jun standard CMOS
technology in designing a 1.78-GHz VGA under 1-V supply
voltage with power consumption Jess than 0.5 mW.
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Abstract
I'his paper describes the design and realization of a low

voltage low-power RE vanable gain amplifier in a 0.18um CMOS

hnology. The proposed amplifier employs an active negalive
feedback technique fo achicve wide bandwidth eperation. Simulation
results showed that the proposed circuit could achieve |.8-GHz
handwidth with 14.25-6B gain under a single -V power supply

voltage, while draining current less than RS0 pA.

Keywords: low-voltage, low-power RE, variable gain amplifier, active
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