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ABSTRACT

This paper studies diversity method using counteract effect of fading in mobile
radio system. The main purpose is to design and fabricate switched combing circuit. The
design bases on the pure selection principle that uses UHF mobile unit and cross dipole

antennas in diversity manner.
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Diversity schemes

3.1 Space diversity
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Tunny Switch and stay dyanaduszgnifeniaue lasaz luaulaluszduvesdidenuy
. * A v = &L o A @
wazluluy Switch and examine 3g1a0NUAINTWADVITUOUNTINTYIMgndonaad 11

4.2 Gain Combining

4.2.1 Maximal Ratio

al
is the gain
ai branch i

Cophasing
and Summing

I

gﬂﬁ 4.5 Maximum ratio combining
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“lumﬂﬁﬂﬁy“aumpmmsidzﬁmumumglu M dyanuesiinasiiulsiufy SN ratio
ﬂJENﬁamuaﬂawmiszuﬁ’agmuwmwaﬁwﬁﬁawasamﬁwmmm M dogin Fwsdedinny
ApaMs 1% Cophasing Circuitry |
4.2.2 Equal Gain

4 v v
a A ' 5 e Voo o J v
MAUATUANAT1IN Maximal ratio #3INNTYIUNIVUATINUNININY 1

Cophasing
and Summing

r

gﬂﬁ 4.6 Equal gain combining

4.3 paanlindsadnuazmaindszanson
WesnnguavtAguuosdyaie  msUssiulsg@nsnimues  Diversity
combining techniques 9214 Statistical basis M3IAUszanTamIANuanlatuA1 S/N ratio

(SNR)  Tewvziloruusazaiu ldiu

local mean signal power

¥i

1>

mean noise power
(4.1)
FMTUNITVNHIIVDITYAY MUY Rayleigh 2zfinsouniu(Envelope) r. AUHINY
i ldvesidanuidy 22 finsasgueduihdanunisvesdyanaifuni RE
envelope 1UM5U51AUOITYRINIUNIUNUFEY (Gaussion noise) NUANINUILIMIAY N
Y, = /2N, = /2N (4.2)
Fusvzauuiinmdeuveadyaasunauiu Ni Ty Ay
14 P(r) Huarumumiuveannuieziiluluilafdu(Probability density fnction)
w41 P(Y,) ansashldeglugledisine
py) |ayi | =p(e) | ar| (4.3)

15192 1§911519n918LDD Rayleigh fo
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uazis19z 1411 dy, = (r, N)dr,

PVl = 4.5)
I YO i]’]ﬂ@ﬂﬁ’]ﬂ?um@ﬂﬂ"lﬂﬁﬂ’luﬂl@ﬂ 1mua‘“mmdmﬂ1m YIUIVNIY
B2/2
= (4.6)
N
£ A a A a £ Y1 1
%3 E, fouaniliynvoniuingsiazlad v, Inune
62
Y, = — 4.7
N
@ :JI ] ' 4 A g s A
auiuanuruuvenNuazilutuiedduves v, e
1 Y,
PV, ) ==expl\17// (4.8)

0 Yo
1 [~ H 1 1 " W 1 { o = I~
anuinziud . fafesndmseonhiduar SNR idwmuald, [ #ldundums
1 I~ o £
memmmm%:Lﬂﬂuﬂqﬁw‘um P( F> Favz 14

r I
P(I) = prob(y, <)) = [ p(y,)dy, = 1 -exp(——)

0
(4.9)
a I ag Y o el . " o
Tumsinneinsauud v dyanaluau 1anos®d  (Diversity branches) N1391uA
[l v o d ] a a a °
luanduius (Uncorrelated) mmy‘wmwamwﬁegfmmﬁmﬂﬁmmmwmma“lumam
v
lanesFa usazou
4.3.1 Switched Combining
4.3.1.1 Pure Selection
al v A o a Y @ ) d‘csd’ A '
Lsmmmmwmmamﬂuaﬂmmua‘"llﬂﬁmmm qﬂ NNMSLADNTUD  ANUUIDE

o o

Fudi sNrs luau M mwm Younmsominy SNR Nimualiuas mmm“lunmmm

ﬁu(Simultaneously), FS ‘ﬁiﬁ’mﬁa
< Ly
P (L) =prob( Y,y ... Yy ST =01 -exp(——)] (4.10)
Yo
anuinzduidosigalu 1 @l sNR wwnnn Iy fAe 1-p, ) anu

FuWusued curves M=1,2,3,4,6,8 uag 10 uandaagll
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U4 4.7 M31ANLI9UDI SNR 9 output Y84 pure selection combining

U
E4

g , 2 : =
Curves gﬂﬁ‘waamuu Rayleigh paper <4N13LANLIIVDY  Rayleigh (miﬂ M=1)

3 o { A a 4 ' g A o
Usingludunsa AnumNAtmnEllszdnnmangs otelsfmumaiuvesduavaiun

(V4

. . £4 J 9 LY A o
Diversity 324N 1u SNR auese lomininmsademvun bisanuiimer  mzanudunus

] A YA 9y '
ATFIUNDD Tumam"lﬂmauaamw

o = ' o 4 o = & a &
duavieulanunnouss SNR 71 ouput vesdudenl? I, uduadoiiz1d

Fs 2N, [P (Is)dL (4.11)
0
£
a9
Bt 1 I
Pog (L= Fuly) M, —exp(= ) exp(— =) (412)
df’ Yo Yo Yo

duanumuiuvesanuingduiuiledduves ', duiu

_ M1
rs:YoZ -

1

(4.13)

1=
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4.3.1.2 Threshold Selection
150NNz UU1FI5 Switch-and-Stay unzfidindaziin SNR Sudui I, 1% snr
U1eMNY093993 combining 1y sdesmsmmanuinaduil ¥ fedesnimiowiniy
SNR szau T il
Pl FS) =prob(y < FS) (4.14)
M NTYIY Rayleieh 1, oz r, muaaaswunlildudenn@ou 18
Prs( L) =prob(y <T7y) =prob(y < T, |y=y,)=prob(y£1“s|y:yz) (4.15)
H Y, uag Y, 1y SNRs fiean 1 (doyan ) uag 2 (dyaioirn) sudeu 197
Yo vaz Y, Wudmwes vy milendedinh T ewdidy Y=Y+, douly y=v
(i=1wSei=2) wifaidle y>T, wie y<T . 1¥ Y=Y+ Yy fufuey g
prob(Y <T5) = prov(y < T |y =7)
=prob('}/ﬁrslY>FT)prob('Y>rT|Y=’yx+yY)
+prob(y£FSlyng)prob(y£FT|y:yx +Y,) (4.16)
anuizily prob(y>rT'y:yX+ W\ iy prob('YSrT| Y=Y+Y,) Tamu
duiusidludadoudunaii y>T, ez y <, awdw

o d d' 4 a % ﬂ’ 4 ]
manvdusvlumsnlasuuasluvazifonadnside SNR Y egimile t hreshold I,

Y
=® Y

' a P ' 2 4 2 '
wae lidszaumaduS i) Sounasdnedranialdmsidouudad1dfaty Fuve sz auna

o 3 o ] I~
dusanuanuieaiy q such ald

I
q=P(L)=prob(Y<T,)=1-exp(——L) : (4.17)
Yo

o o = Aa o ] I 2
nadusv lumsdoundasiidanuanuheztly p &9

FT
PRING &) (4.18)

0

U { ~ ll 1 Y o % o v
W T Awmdunmil SNR v, egmiledr threshold T, 1 I&d MY ¥, A0 threshold
§ o a @ @ a ' { ~ a ' Y o a =
Woduaingiuiiiulavziiamsusuaey mmasnad v iAundh L, Twaduselumsnldon
a = @ g 1 a { 1o ' § o a '
wladldifede T2 lumedeniy T2 dudwionmi ¥ egdnh I, oduaingly
[ v ' Y
o =1 to & v a @ Y
ddwmimsasuladlidids  weznsnlfoulaseiade llvzdeaRandsnn v 1dmie
' ' 3 = 3 @ A’f ' a 1 A a dgl 1o & =
nn [, mnfuwaganasundnasaiuamauniesznineimnaduuas lidusa lumsilasunlas
{ :;’ ' ' o a a
wazmalasuutasnsme Ui T/2 + T, szeznarsgrisanudusylumsdsuntasuazms
{ u’;’ 1 @ < T a d? o o =
Wasuasaswe e T2  ndungmunanw Y > Aeduluanudusalumsdon

@ ' o o { @ ' 1<
wastunnuinuiiu (- q) wazluanudiSi lumswtouudasiuanunady  q Tunsdl
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v v ’
usn y dannnad Iy >l dwsvdwaumdoves T2 dremaiilunsdfi 2 dwm

WmAvA SNR Y 110031 threshold SNR I, fio T, dau
’ca Ta
Tx=(1-q)— +qT,=(1+q— (4.19)
2 2
maramiaunuilszgng T, (Amamden y<I') duniy

Ty = q?b (4.20)

' v w '

@ ' A Ay ' o 3 A a dgl 1o &
dandm  TyT, AedluiiiuidudandiusendnadiSefinetuun: s
lumsnldeuag
1=
B B -2 421)
b e
gnsranusznIamuteziiy prob(y > 1T, | Y=Y<+Yy) Wag prob(Y<I", | 0%

4
Vv w l 1 v W kY
=Veork 'YY) IMNVDANTIUISHIN T, Une L muu%z”lﬂ

2

prob(y>I% |y=y, +y,) 1, 1-q

- X - (4.22)
proby<I:ly=vx+v,) ©, ¢
amnzily 2 eduiinaundesy ndme prob(y < T, | y>1)
uaz prob(Y<T,| y<I,) wisldaei
| T
prob(Y < T |y>T,)= RIODETZH=T,) ri P (4.23)

prob(y>T:) T pey)dy

P(Fs)—P(F7'):P(F7')—q

1-P (1) by ° IsElE
_ (4.24)
0 .




.4 ”\ e e P e
ﬁ?ﬂﬂﬂﬂm\.’ﬂﬂﬂﬂ ,Wi&’ﬂﬂmﬂﬂ'm'lﬂﬂﬂa’l}s

17
lumafernu
prob(y <I'sandy <T7)
prob('YSrSI 'YSFT)=
prob(y <T)
PATT)_, [sxTr
P(Cry
= (4.25)
P(Is) P(Ts) , .
ReLz] D=y ' VT U3
15192 185 a
(T+g)P«Ts) - g, Fs=Ir
P M=), (4.26)
qP (Ts), Is<I'r
HasFunnumuuniuanniezduie
dPTHS(rS) (l1+g) P (Ts), Ts>I'r
PTHS( Iﬁs 1) ; %
S gP (Ts), Is<I'r
Aumfouss SNR fiommuesdaudondo T, oz'ld
h W LT ©
I_‘s N .[ I_‘s pTHS(rS)drS = (.)‘- 1_‘s pTHS(FS)drS - r'[ 1_‘spmsd_‘s)drs
0 T
- P
I =, + Iexp(——) (4.28)

Yo

37132
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gﬂﬁ 4.8 N3LLINLLY SNR 91 output YD threshold selection combining
4.3.2 Gain Combining
4.3.2.1 Maximal Ratio
A EY [ c: [ A
wlasnuvesdyanmiuilseneuiy Ae

q

e % ar (4.29)

[

& S . a1 o o T W o [ 1
A a, ﬁ@mmm*nmm 1 AUUANMAINUUBITUYIUIUNIUMAY N dIUIUUA STV

o w o w @ { d
WATINUBINIANIU WATINVDINAINUUBDITUUIUITUNIU N ﬁL@TV]‘VgV]ﬁ'E]

a’ (4.30)

1

=

N =N

i

£
v @

Aatiuma SNRY flo

(4.31)
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oMY 2, WBNIITUEANTINvesdy N TamatusdsnuvesdaIus UL M

ﬁwﬁummﬁqﬁu
ri
a].= —
N
stiezld
2 2
1 (Z I'i /N) M I'z M
== =2, ~—==2 %
2 NZ (ri/N)Z i=1 2 i=1
i-1
wavulegludngiuuumils fe
M M 1 M x2 M y2
2 i w
V=2 YimZ oot TZoNTE S
HasFuarumuniuve s uves Y Ao
M exp(—y/
e L y p(=v 'Yo)’ v20
Yo (M_l)'
dmU SNR Adnzld
M-1
N AN O e My—_
Yo (M_l)'
Hefsumsuanuas b, (L) e

Pyax( 1_‘s) = prob(Y - Iﬂs )= gs PMAX ('Y)d'Y

FaudouglInuez 14

T r./ i-1
PMAX(FS) =1 —exp(— _S) % w_
Yo (1 = 1)!
dmfy SNR A1
/vy )™
P Ls) = T lyo) ™
M!

(4.32)

(4.33)

(4.34)

(4.35)

(4.36)

(4.37)

(4.38)

(4.39)
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gﬂﬁ 4.9 NILUINLLAIVDI SNR 9 output Y89 maximum ratio combiner

[ Adw 9 [ 3 a3 A g @ Y = =3
MILINLAIEIUNNaNBUZANINUIUNABMINEDA A9glI VY MInasifSuuiion gy

AU MUNIMITIUULY maximal —ratio 1HWARANIINITIIMLVY pure-selection 1517 0NY

. 1) v v
N TPUNUTIU MR VIR ITIUALENDDNNT (M—>C0)

A v o ' P v oA
ANUNNIYUDI SNR WL@TﬂwﬂﬁﬂuﬂﬂigﬂﬂUﬂuﬂa

L= =@ v) -2 ) -my,

4.3.2.2 Equal Gain

E4
@

HUY SN

Yy d

o q

G
R

aaudmum laun

1l gains a, =1 wwld

i
~

o

D

wo32u lnunssvosdayui

g s v o
21 UDIAlsEnaUNANTULeY

s

U
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e

M 2
_r2/2_(§ r) o

- (4.42)
N 2NM  2NM

Tagh ¢ Aedudsduiiianamssanal M (manulasulasifasinmanszaie

. A d a £ ] z '
HUY Rayleigh nYuddsz) 99 p(r) ADANUHUMUUYDY r IWTIZRUUANNAUIUUVDY

Peoo(Y) wo Y mldon

Peou(Y)IdY] =P(r)dr]

' 4
wasugdlmildasiine

i51ev p(r) Tegnelsaundigd M =2 isrezldmauanuaesiniu p(r,r,) eI

p(yJ2yNM
2yNM

M=2az1d

+r2 (S s bl S BE

p( I') D I p(rl’r2) ‘rz =r-n drl T J p(rl 7r J b r] )dr1 (444)
0 0

& a a . <
Famssuiinsamunsoilugiues  tabulated function uazmsanuasTuraholagld

Pequ( Iﬂs )=1-exp( —er )- \ TCFS exp( -rs)erf( \/—i ) (4.45)

2 A .

%9 erf(.) AD error function

A A 9 ' ° 1 v '

Nn M> 2 mmﬂiy‘mﬂﬂﬂauﬂm%qamﬂmﬂumiﬂmau memmi‘ﬁ computer ¥IY
Tumssuan’ld dmsy sNr Afawnzeglugl

M-1 MM M-1

Y
Plopk | 3= —= e = (4.46)
al Y M - 1)ly™

M/2)"/n 1 L
(M=1/2)! M! v,

PEQU(rs) = (4.47)

éléf\‘i (@] fio gramma function
[ 1.3.5.7..2M - 1!

M- —)!
- =) o
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[
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a9

Y
Yo A

ANUHNIGVDL Y 32 1Al
— 1 M ! 1 M
L, XTk m‘<( g: L) w m% (L1;) (4.48)
MnaunsTis MU Eneuves M azfy <r'> dmilsznouvos M(M-1) g
WA <rr> L0 £ j 9INISUINUANUY Rayleigh ,<r'>=E<r’>=20" wmizlsznai
GRIGTRGN Fudusassrofy <nr>=<r><r>=E<r>B<r>, i # j ot1lsinw
E<r,>=E<r>=/1/20 K <rr>=(M2)0" lavez 14
1

2
S 5 ¢}
[T =——9e® + MM —=1n—

s 2NM[ ( ) 2]

= VY,[1 + (M-1)T0/4] (4.49)

¥9 Y,=O'/N
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5.3 MAvenaay I ( Amplifier )
A o Ao Y 4 A l [}
osnndygansulddnn  vinmagues  wqruasenudaaneglud IF
; 3 u ;
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5.4 manfSsuiey (Comparator )
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General Description

The LM1201 is a wideband video amplifier system intended
for high resolution monochrome or RGB monitor applica-
tions. In addition to the wideband video amplifier the
LM1201 contains a gated differential input black level clamp
comparator for brightness control and an attenuator circuit
for contrast control. The LM1201 also contains a voltage
reference for the video input. For medium resolution RGB
color monitor applications also see the LM1203 Video Am-
plifier System data sheet.

Features

m Wideband video amplifier (200 MHz @ —3 dB)

m Attenuator circuit for contrast control (>40 dB range)
m Externally gated comparator for brightness control

January 1995

National Semiconductor

LM1201 Video Amplifier System

m Provisions for external gain set and peaking of video
amplifier

m Video input voltage reference

m Low impedance output driver

Typical Applications
m CRT video amplifiers

m Video switches

m High frequency video preamplifiers
® Wideband gain controls

m PC monitors

m Workstations

m Facsimile machines

® Printers

Block and Connection Diagram

VIDEO CONTRAST  CONTRAST
IN Veel CAP CAP Vee2 DRIVE Vo3 CLAWP (=)
16 15 14 13 |12 11 |10 9
500
1 1  soon
N
D 1 ! '
500 500
I N
2.6V | CONTRAST
REF | CONTROL
1 2 3 4 ]5 6 7 8
GND 1 CLAMP Vese  CONTRAST  CLAMP  CLAMP (+)  GND2 VIDEO
CAP GATE out
TL/H/10006-1
FIGURE 1
Order Number LM1201M or LM1201N
See NS Package Number M16A or N16E
©1996 National Semiconductor Corporation TL/H/10006 RRD-B30MS6/Printed inU. S. A,

waisAs Japidwy 08pIA LGZLINT



Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National
Office/Distributors for availability and specifications.

Supply Voltage Vg Pins 10, 12, 15
to Ground Pins, 1,7

Voltage at Any Input Pin (Vin)
Video Output Current (Ig)

Package Power Dissipation at T = 25°C
(Above 25°C derate based on (6, and T;)

Package Thermal Resistance (6 4) N16E
Package Thermal Resistance (6)4) M16A
Junction Temperature (T )

Semiconductor Sales

13.5V

Voo 2 Vin 2 GND

28 mA
1.56W

80°C/W
100°C/W
150°C

Storage Temperature Range (Tstg)

Lead Temperature (Soldering, 10 sec.)

ESD Susceptibility

—65°Cto +150°C

265°C
2kV

Human body model: 100 pF discharged through a 1.5 k1

resistor

Operating Ratings (note 4)

Temperature Range
Supply Voltage (Vcc)

DC Static Tests sg0open;va = 6V; V5 = 0V; V6 = 2.0V unless otherwise stated

0°Cto +70°C
10.8V < Vo < 13.2V

Electrical Characteristics see Test Gircuit (Figure 2), Ta = 25°C; Vegr = Voce = Vocs = 12V

) Tested Design Units
Symbol Parameter Conditions Typical Limit Limit L
(Note 1) [NNogez) | ¢imits)
Is Supply Current Vg Pins 12, 15 Only 45 57 mA(max)
V3 Video Input Reference Voltage 2.65 2.4 V(min)
2.95 V(max)
l1 Video Input Bias Current (V3—V16)/10 kQ2 5.0 20 pA(max)
Vs Clamp Gate Low Input Voltage Clamp Comparator On 1.2 0.8 V(min)
VsH Clamp Gate High Input Voltage Clamp Comparator Off 1.6 20 V(max)
Is Clamp Gate Low Input Current Vg = 0V s 4] =50 pA(max)
Isy Clamp Gate High Input Current Vs =12V 0.005 1 pA(max)
o4 Clamp Cap Charge Current Vo = 0V 1 0.55 mA(min)
lo_ Clamp Cap Discharge Current Vo = 5V -1 «0.55 mA(min)
VgL Video Output Low Voltage Vo = 0V 0.5 0.9 V(max)
Van Video Output High Voltage V, = 5V 8.5 8.0 V(min)
Vos Comparator Input Offset Voltage Vg—Vg +0.5 25 mV(max)
AC Dynamic Tests sgclosed, vs = 0V, Vg = 4V
Symbol Parameter Conditions Typ Lim-:'te(shiz?e 1) Limli)te(ilig?e 2) (3:::;)
Av max Video Amplifier Gain V4 =12V 8 5.5 V/V(min)
AAv 5V | Attenuation @ 5V Ref: Av max, V4 = 5V —10 dB
AAv2V | Attenuation @ 2V Ref: Av max, V4 = 2V —45 dB
THD Video Amplifier Distortion 'V4 =5V,Vo = 1Vpp 0.3 %
f (—3dB) | Video Amplifier Bandwidth (Note 3) | V4 = 12V,Vg = 100 mVmg | 200 170 MHz(min)
te Output Rise Time (Note 3) Vo =4 Vpp 2.5 ns
tf Output Fall Time (Note 3) Vo =4 Vpp 3 ns

ed.

Note 1: These parameters are guaranteed and 100% production tested.
Note 2: Design limits are guaranteed (but not 100% production tested). These limits are not used to calculate outgoing quality levels.
Note 3: When measuring video amplifier bandwidth or pulse rise and fall times, a double sided full ground plane printed circuit board without socket is recommend-

Note 4: Operating Ratings indicate conditions of which the device is functional, but does not guarantee specific performance limits. For guaranteed specifications
and test conditions, see Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may
degrade when the device is not operated under the listed test conditions.

http://www.national.com




- 's O Vv,
AVA¢V — C
d 2000 +12v

.J: ’ _I:
R11
Vin Ct O:L A 0.4 4F 500 0.1 4F 9
10 uf | 0.1 pF I
510 16 15 14 13 12 1 10 9 @

0.1 puF
Vee! Vec2 Yee 3

R3S R
,Okg ) LM1201 DU.T. é 9

0.1 uF

2 8
V2 Y
e L |
0.1 uf
g 0.1 u@ 0.1 pg; <8
GND 3300

Contrast Control Brightness Centrol
(Galn) vz VS vg (DC output set)

TL/H/10006-2
FIGURE 2. LM1201 AC/DC Test Circuit
Note: When Vg5 < 0.8V and S9 is closed, DC feedback around the Video Amplifier is provided by the clamp comparator. Under these conditions sine wave or 50%

duty cycle square waves can be used for test purposes. The low frequency dominant pole is determined by C2 at Pin 2. Capacitor C9 at pin 9 prevents overloading
the clamp comparator inverting input. See applications section for additional information.

VCC HY
+12V +60V
" \ S
2000
b p >
Video l 0 0.1 uF R11 o.wrl oiwprl S 10k
In 104F 0o 0.1 pF bl 510 Brightness
A R V| V| ve :
750 16 15 14 13 12 1" 10 9 :
1000 G
R3 < ) LM1201 1pf 02
mkg !
s 1 2 3 4 & 6 7 8
1 i
1 uf 0.1 uF
I\ G
3300
GND
Contrast
i Control Vee S
Composite 1 8
Sync In 0.1 uF 0.1 pF Vee
|_ 2 uygey T[TOYE
0.1 uf
7502 vO—3 6 5.1k
680k 43k
4 s;——“_
1000 pF

TL/H/10006-3
FIGURE 3. Typical Application of the LM1201

* 300 resistor is added to the input pin for protection against current surges coming from the 10 uF input capacitor. By increasing this resistor to well over 1000
the rise and fall times of the LM 1201 can be increased for EMI considerations.
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APPLICATIONS INFORMATION

Figure 4 shows the block diagram of a typical analog mono-
chrome monitor. The monitor is used with CAD/CAM work
stations, PCs, arcade games and in a wide range of other
applications that benefit from the use of high resolution dis-
play terminals. Monitor characteristics may differ in such
ways as sweep rates, screen size, or in video amplifier
speed but will still be generally configured as shown in Fig-
ure 4. Separate horizontal and vertical sync signals may be
required or they may be contained as a composite signal in
the video input signal. The video input signal is usually

supplied by coaxial cable which is terminated in 75Q at the
monitor input and internally AC coupled to the video amplifi-
er. The input signal is approximately 1V peak-to-peak in am-
plitude and at the input of the high voltage video section,
approximately 6V peak-to-peak. At the cathode of the CRT
the video signals can be as high as 60V peak to peak. The
block in Figure 4 |abeled “Video Amplification with DC Con-
trolled Gain/Black Level” contains the function of the
LM1201 video amplifier system.

H
Vo Yoke
Sync In VERTICAL/HORIZONTAL SWEEP
HO AND POWER SUPPLY
CIRCUITS
v
Yoke
Yideo Amplification
< with CH%
Videogn JO—1—4 OC Controlled [ | iy
Gain/Black Level kW]

Contrast O

O Brightness

TL/H/10006-4

FIGURE 4. Typical Monochrome Monitor Block Diagram
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Circuit Description

Figure 5 is a block diagram of the LM1201 along with the
contrast and brightness controls. The contrast control is a
DC operated attenuator which varies the AC gain of the
amplifier without introducing any signal distortions or DC
output shift. The brightness control function requires a
“sample and hold” circuit (black level clamp) which holds
the DC bias of the video amplifier and CRT cathodes con-
stant during the black level reference portion of the video
waveform. The clamp comparator, when gated on during
this reference period, will charge or discharge the clamp
capacitor until the non-inverting input of the clamp compara-
tor matches that of the inverting input voltage which was set
by the brightness control.

Figure 6 is a simplified schematic of the LM1201 video am-
plifier along with the recommended external components.
The IC pin numbers are circled with all external components
shown outside of the dashed line. The video input is applied

LM1201
Low Voltage
Video

to pin 16 via the 10 uF coupling capacitor. DC bias to the
video input is through the 10 k2 resistor which is connected
to the 2.6V reference at pin 3. The low frequency roll-off of
the amplifier is set by these two components. Transistor Q1
buffers the video signal to the base of Q2. The Q2 collector
current is then directed to the Vggy supply through Q3 or to
Voee through Q4 and the 5009 load resistor depending
upon the differential DC voltage at the bases of Q3 and Q4.
The Q3 and Q4 differential base voltage is determined by
the contrast control circuit which is described below. The
black level DC voltage at the collector of Q4 is maintained
by Q5 and Q6 which are part of the black level clamp circuit
also described below. The video signal appearing at the col-
lector of Q4 is then buffered by Q7 and level shifted down
by Z1 and Q8 to the base of Q9 which will then provide
additional system gain.

e [~]

Video

Sync
B Tipif Black
Avallable rLevel Ref
|"| Period

Clamp Gate U L.r—

| _Clamp

g Capacitor

External

High Voltage

Video

CRT

\ Cathode
y ly 3
Clamp
Comparator

Brightness
Control

Clamp
Gate
In

TL/H/10006-5

FIGURE 5. Block Diagram of LM201 Video Amplifier with Contrast and Black Level Control
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Circuit Description (continued)

The “Drive” pin will allow the user to set the maximum gain
of the amplifier based on the range of input video signal
levels and the CRT stage gain if it is fixed or limited. When
using three LM1201 devices for high resolution RGB appli-
cations, the “Drive” pin allows the user to trim the gain of
each channel to correct for differences in the three CRT
cathodes. A small capacitor (12 pF) in shunt with a 510
drive resistor at this pin will extend the high frequency gain
of the video amplifier by compensating for some of the inter-
nal high frequency roll off. The 510 resistor will set the sys-
tem gain to approximately 8 or 18 dB. The video signal at
the collector of Q9 is buffered and level shifted down by
Q10 and Q11 to the base of the output emitter follower Q12.
Between the emitter of Q12 and the video output pin is a
500 resistor which is included to prevent spurious oscilla-
tions when driving capacitive loads. An external emitter re-
sistor must be added between the video output pin and
ground. The value of this resistor should not be less than
3300, otherwise package power limitations may be exceed-
ed when worst case (high supply, max supply current, max
temp) calculations are made. If negative going pulse slewing
is a problem because of high capacitive loads (>10 pF), a
more efficient method of emitter pull down would be to con-
nect a suitable resistor to a negative supply voltage. This
has the effect of a current source pull down when the minus
supply voltage is —12V, and the emitter current is approxi-
mately 10 mA. The system gain will also increase slightly
because less signal will be lost across the internal 500 re-
sistor. Precautions must be taken to prevent the video

V,

cc2

output pin from going below ground since IC substrate cur-
rents. may cause erratic operation. The collector current
from the video output transistor is returned to the power
supply at Vgea, pin 10. When making power dissipation cal-
culations note that the datasheet specifies only the Voo
and Vcco supply currents at 12V. The IC power dissipation
contribution of Vogg is dependent upon the video output
emitter pull down load.

In normal operation the minimum black level voltage that
can be set at the video output pin is approximately 2V at
maximum contrast setting. In applications that require a low-
er black level voltage, a resistor (approximately 16 k) can
be added from pin 3 to ground. This has the effect of raising
the DC voltage at the collector of Q4 which will extend the
range of the black level clamp by allowing Q5 to remain
active. In applications that require video amplifier shutdown
due to fault conditions detected by monitor protection cir-
cuits, pin 3 and the wiper arms of the contrast and bright-
ness controls can be grounded without harming the IC. This
assumes some series resistance between the top of the
control potentiometers and V.

Figure 7 shows the internal construction of the pin 3 2.6V
reference circuit which is used to provide temperature and
supply voltage tracking compensation for the video amplifier
input. The value of the external DC biasing resistors should
not be larger than 10 k2 when using more than one
LM1201 (e.g. in RGB systems) because minor differences in
input bias currents on the individual video amplifiers may
cause offsets in gain.

R21
4k3

to Video Input
10k

3

Q13

R22
1k

R25< R26
12k < 10k

to base
of Q3

10k
Contrast
Control

0.1 uF  Contrast

Cap
TL/H/10006-7

FIGURE 7.LM1201 Video Input Voltage Reference and Contrast Control Circuits
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Circuit Description (continued)

Figure 7 also shows how the contrast control circuit is con-
figured. Resistors R23, R24, diodes D3, D4, and transistor
Q13 are used to establish a low impedance zero TC half
supply voltage reference at the base of Q14. The differential
amplifier formed by Q15, Q16 and feedback transistor Q17
along with resistors R27, R28 establish a differential base
voltage for Q3 and Q4 in Figure 6. When externally adding
or subtracting current from the collector of Q16, a new dif-
ferential voltage is generated that reflects the change in the
ratio of currents in Q15 and Q16. To provide voltage control
of the Q16 current, resistor R29 is added between the Q16
collector and pin 4. A capacitor should be added from pin 4
to ground to prevent noise from the contrast control pot
from entering the IC.

Figure 8 is a simplified schematic of the clamp gate and
clamp comparator section of the LM1201. The clamp gate
circuit consists of a PNP input buffer transistor (Q18), a PNP
emitter coupled pair referenced on one side to 2.1V (Q19,
Q20) and an output switch (Q21). When the clamp gate
input at pin 5 is high (>1.5V), the Q21 switch is on and

shunts the 11 1mA current to ground. When pin 5 is low
(<1.3V), the Q21 switch is off and the 11 1mA current
source is mirrored or “turned around” by reference diode
D5 and Q26 to provide a 1mA current source for the clamp
comparator. The inputs to the comparator are similar to the
clamp gate input except that an NPN emitter coupled pair is
used to control the current which will charge or discharge
the clamp capacitor at pin 2. PNP transistors are used at the
inputs because they offer a number of advantages over
NPNs. PNPs will operate with base voltages at or near
ground and will usually have a greater reverse emitter-base
breakdown voltage (BVebo). Because the differential input
voltage to the clamp comparator during the video scan peri-
od could be greater than the BVebo of NPN transistors,
resistor R34 with a value one half that of R33 or R35 is
connected between the bases of Q23 and Q27. This resis-
tor will limit the maximum differential input to Q24, Q25 to
approximately 350 mV. The clamp comparator common
mode range extends from ground to approximately 9V and
the maximum differential input voltage is Voo and ground.

Clamp
Gate
In

R32<
sk

+lclamp { ik
Clamp
1 mA Cap
® )i
TL/H/10006-8

FIGURE 8. Simplified Schematic of LM1201 Clamp Gate and Clamp Comparator Circuits
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Applications Information

Figure 9 shows the configuration of a high frequency amplifi-
er with non-gated DC feedback. Pin 5 is tied low to turn on
the clamp comparator (feedback amplifier). The inverting in-
put (pin 9) is connected to the amplifier output from a low

pass filter. Additional low frequency filtering is provided by
the clamp capacitor. The Drive pin is grounded to allow for
the widest range of output signals. Maximum output swing is
achieved when the DC output is set to approximately 4.5V.

A o
2000

o.wr—l; 0.1;4F‘L
. g 0.1 uF g

7
O +CICZV

47pFi
v

Viy 1 uF
N T #
! r 300 ”
0.1 pufF
510 16 15 14 13 12 11 10 3 g B
> >
1=3)) LM1201 3 1ok
L | 2 3 4 5 6 7 8
I _L | Vour
0:1i Kk o.wrg
l -t 3300
+12V +12v
10k 10k

Gain <44 —»S DC
0.1 uF 0.1 uF
Control .j— fr p’: Level

v

FIGURE 9. High Frequency Amplifier/Attenuator Circuit with Non-Gated DC Feedback (Non-Video Applications)

¥

TL/H/10006-9
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Applications Information (continued)

Figure 10 shows the LM1201 set up as a video amplifier
with biphase outputs. Because the collector of output tran-
sistor Q12 is the only internal connection to Vcga, a 750
termination to the power supply voltage allows one to obtain
inverted video at pin 10. Black level on the non-inverted
video output (pin 8) is set to 1.5V by the voltage divider on
pin 6. i23Y :

be OR’ed together assuming no more than one channel is
selected at any given time. Channel selection is accom-
plished by keeping the appropriate SELECT SWITCH open.
Closing the SELECT SWITCH on a given channel disables
that channel’s output (pin 8) leaving it in a high impedance
state. A single pair of contrast and brightness potentiome-

. ters control the selected channel’s. gain and qutput DG
. . & LR

i P \

FIGURE 10. Preclamped Video A

Figure 11 shows how a high frequency video switch may be y;li level. I Sy EREER TR PR
designed using multiple LM1201 devices. All outputs can :
A S v
PR —( '
AAA- ° +12v
L[y wom T 750
0.4 pF == | CL 0t pf p: msvﬂ\]ﬂ\
; 5 510 0O
v v S ]
TS I\ %7
750 16 15 14 13 " R 10 9
—_—— >
IN9TAZL > LM1201 < 2000
s 3 4 5 6 7 8 rah
I s 1 ] 4:‘-5V'U'/]'L|/
1uf 0.1pF ":"‘;‘V:if:":‘*
i, i ; 7
- w12y Gp 0 ja B8
12V ;- PP - Primevy K.
Contrast Gate In
Control 1Ry

yoby ey TL/H/10006-10
mplifier

i

with-Biphase/Outputs: _;
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Applications Information (continued)

0.1 uf
Vin 1 uf & QE

2000

041;4F_L'
0.1 uf g 510

V,
O +cIc2V

|+ 300 ” ;I;
750 16 14 13 12 11 10 9
) [ L
A LM1201 320011
L7
1 ng 1 3 4 S 6 7 8
Selected
¢—) Video
' Out
SELECT Open to select 0.1 uF .tO .io .to
SWITCH Close to disable pin 4 pin 5 pin 6 b
3300
v,
AN ©- —Q
2000 l { +12V
0.1 uf 0.1 uF
0.1 uF g Ao 0.1 uf
Viy 1 ufF dp
IN T 300° ;g
5 16 14 13 12 11 10 9
A ) LM1201 § 2000
L7
1 pf'g 1 3 4 5 6 7 8
0.1 uF 0.1 pF ‘L I
I || : +12V +12V
'SELEC‘I'$ Open to select Selected .
SWITCH 4 Close to disable S a\ LeiEmp Brightness
Gate In
TL/H/10006-11

FIGURE 11. High Frequency Video Switch with Common Contrast and Brightness Controls
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Rise Time No Socket Rise Time In Socket

TL/H/10006-12 TL/H/10006-13

TL/H/10006-14 TL/H/10006-15

HP8082 pulse generator e Actual output signal swings
HP10241A 10:1 voltage divider 4Vpp (10:1 divider is used)
HP1120A 500 MHz FET probe e Contrast is set to maximum
Tektronix 2465A 350 MHz scope ® Vin = 500 mVp,
* Rprive = 500
o Vertical scale is actually 1V/div and not
100 mV/div due to 10:1 attenuator used.
» Qutputs are centered at 4V DC.
Scale for All Photos—Vert: 1V/Div
Horiz: 5 ns/Div
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Note: The p.c.b. layout shown above is suitable for evaluating the performance of the LM1201. Although it is similar to the
typical application circuit of Figure 3, there is no c.r.t. driver stage. Instead, a feedback resistor is connected between Pins 8 and
9 and the brightness control is connected to Pin 6. Again, for best results, a socket should not be used for the LM1201.

COMPONENT VALUES:

R1
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15

IC1
IC2

750, 5%, 1/4 watt, carbon composition
10 k), 5%, 1/4 watt, carbon composition
500, 5%, 1/4 watt, carbon composition
2000, 5%, 1/4 watt, carbon composition
75Q, 5%, 1/4 watt, carbon composition
3304, 5%, 1/4 watt, carbon composition
680 k2, 5%, 1/4 watt, carbon composition
10 kQ, trim pot, helitrim model 91

5.1 kQ, 5%, 1/4 watt, carbon composition
43 k2, 5%, 1/4 watt, carbon composition
12 k2, 5%, 1/4 watt, carbon composition
10 kQ, trim pot, helitrim model 91

2 kQ), 5%, 1/4 watt, carbon composition
2000, 5%, 1/4 watt, carbon composition

LM1201
LM1881

C1
Cc2
C4
C5
C6
c7
c8
Cco
C10
C11
C12
Cc13
C14
C15

TL/H/10006-16

0.1 pF, ceramic

0.1 uF, ceramic

0.1 uF, ceramic

0.1 uF, ceramic

10 pF/6V, electrolytic
0.1 pF, ceramic

0.1 nF, ceramic

0.1 nF, ceramic

0.1 pF, ceramic

0.1 pF, ceramic

0.1 pF, ceramic

100 pnF/15V, electrolytic
0.001 pF, mica

0.1 pF, ceramic

13 http://www.national.com



Physical Dimensions inches (millimeters) unless otherwise noted
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LM1201 Video Amplifier System

PhySIcaI Dimensions inches (millimeters) unless otherwise noted (Continued) Lit. # 107313
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General Description

The MAX477 is a 5V wide-bandwidth, fast-settling,
unity-gain-stable op amp featuring low noise, low differ-
ential gain and phase errors, high slew rate, high preci-
sion, and high output current. The MAX477’s archi-
tecture uses a standard voltage-feedback topology that
can be configured into any desired gain setting, as with
other general-purpose op amps.

Unlire high-speed amplifiers using current-mode feed-
back_ architectures, the MAX477 has a unique input
stage that combines the benefits of the voltage-feed-
back design (flexibility in choice of feedback resistor,
two high-impedance inputs) with those of the current-
feedback design (high slew rate and full-power band-
width). It also has the precision of voltage-feedback
amplifiers, characterized by low input-offset voltage
and bias current, low noise, and high common-mode
and power-supply rejection.

The MAX477 is ideally suited for driving 50Q or 75Q
loads. Available in DIP, SO, space-saving uMAX, and
SOT23 packages.

Vi V) 4V,

300MHz High-Speed Op Amp

Features

¢ High Speed:
300MHz -3dB Bandwidth (Av = +1)
200MHz Full-Power Bandwidth (Av = +1, Vo= 2Vp-p)
1100V/pus Slew Rate
130MHz 0.1dB Gain Flatness

Drives 100pF Capacitive Loads Without Oscillation
Low Differential Phase/Gain Error: 0.01°/0.01%
8mA Quiescent Current

Low Input-Referred Voltage Noise: 5nV/\Hz

Low Input-Referred Current Noise: 2pA/AHz

Low Input Offset Voltage: 0.5mV

8000V ESD Protection

Voltage-Feedback Topology for Simple Design
Configurations

¢ Short-Circuit Protected
¢ Available in Space-Saving SOT23 Package

* & 6 6 o o ¢ o

Ordering Information

Applications
PIN- SOoT
Broadcast and High-Definition TV Systems PART TEMP.RANGE |, ~vacE TOP
. Y. ’ MARK
Video Switching and Routing
. n MAX477EPA -40°C to +85°C 8 Plastic DIP —
Communications
4 r MAX477ESA -40°C to +85°C 8 SO —
Medical Imaging MAXA77EUA _ -40°C 10 +85°C 8 pMAX —
Precision DAC/ADC Buffer MAX477EUK-T ~ -40°C to +85°C 5380723 ABYW
MAX477MJA -55°C to +125°C 8 CERDIP —
Typical Operating Circuit Pin Configuration
TOP VIEW
Vin MAXIMN MAXIAMN
50 q MAX477 MAX477
50 o 4 P 4
out [1] [5]vee  ne [T 8] n.C.
N e - [2] [ 7] vec
500Q 5000 Vee |2
L e [2] i+ [3] 6] out
- e 3] 4] Ve [« [5]nc.
VIDEO/RF CABLE DRIVER SOT235 DIP/SO/gMAX
S AXI/MN Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.

For small orders, phone 408-737-7600 ext. 3468.
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300MHz High-Speed Op Amp

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Vcc 1o VEE).
Differentiai Input Voltage....... (Ve 4+ 0.3V) to (VEg - 0.3V)
Common-Maode Input Voltage.........(Vcc + 0.3V) to (VEE - 0.3V)
Output Short-Circuit Duration to GND ..o .Continuous
Continuous Power Dissipation (T4 = +70°C)
Plastic DIP (derate 9.09mW/°C above +70°C)
SO (derate 5.88mW/°C above +70°C)......
LUMAX (derate 4.1mW/°C above +70°C)

L 727TmW
471mW
330mwW

CERDIP (derate 8.00mW/°C above +70°C) .................. 640mw

SOT23 (derate 7.1mW/°C above +70°C).......c.cccveinne. 571mW
Operating Temperature Ranges

MAX477E_A -40°C to +85°C

MAXATTEUK Lo -40°C to +85°C

MAXATTMUIA oo -55°C to +125°C

Storage Temperature Range -65°C to +160°C
Lead Temperature (soldering, 10S€C) .......ccccvveivieriinn +300°C

DC ELECTRICAL CHARACTERISTICS

(Vee = +5V. VEe = -5V, VouT = 0V, RL = =, Ta = TMIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

na those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied Exposure to
ximum rating conditions for extended periods may affect device reliability

PARAMETER | SymBoOL CONDITIONS MIN TYP MAX UNITS
MAX477ESA/EPA/EUA/MJIA 0.5 2.0
Ta = +25°C
. MAX477EUK 0.5 2.0
Input Offset Voltage Vos mV
MAX477ESA/EPA/EUAMIA | T4 = Tmin to 3.0
MAX477EUK TMAX 5.0
Input Offset-Voltage Drift TCVos 2 pv/eC
] Ta=+25°C 1 3
Input Bias Current B pA
TA = TMIN to TmAX 5.0
s Ta =+25°C 0.2 1.0
Input Offset Current los HA
Ta = TMIN to TmAx 2.0
Differential-Mode Input ! ‘
Resistao RinDM) | Either input 1 MQ
Common-Mode Input Voltage o Ta=+25°C .0 £8.5 V
Range TaA = TMIN to TMAX 25
r. . Ta=+25°C Vcm = 3V 70 90
Common-Mode Rejection Ratio CMRR dB
TA = TMIN to TMAX Vem = £2.5V 60
Power-Supply Rejection Ratio PSRR Vs = 4.5V to +5.5V 70 85 dB
. Vout = 2.0V, MAXA7TE_AJATTMJIA 55 65
Open-Loop Voltage Gain A dB
P P Voliad VOL | VoM =0V, RL=50Q  [MAX477EUK 50 65
Ta = +25°C RL = +3.5 +3.9
Output Voltage Swing VouT T T oT RL = 100Q +3.0 \%
= 0
-GN e RL = 50Q +2.5
Minimum Output Current lout Ta =-40°C to +85 °C 70 100 mA
Short-Circuit Output Current Isc Short to ground 150 mA
Open-Loop Output Resistance RouTt Vout =0, f=DC 0.1 Q
Ta=+25°C 8 10 mA
Quiescent Supply Current Isy MAX477E_ _, TA = TMIN to TMAX 12 A
MAX477MJA, TA = TMIN to Tmax 14
I ANXIV




300MHz High-Speed Op Amp

AC ELECTRICAL CHARACTERISTICS
(Vce = +5V, VEE = -5V, RL = 1009, AvcL = +1, Ta = +25°C, unless otherwise noted.)

! PARAMETER | symsoL CONDITIONS MIN  TYP MAX | UNITS |
ignal, -3dB Bandwidth BW 308 VouT < 0.1Vp-p 250 300 MHz
é:’:fﬂ”:s'st&;g%) BWo.1dg | VouT < 0.1Vp-p 30 130 MHz
| Fui-Power Bandwidth FPBW VouT = 2Vp-p 200 MHz
| Slew Rate (Note 2) SR Vout = +2Vp-p 700 1100 Vius
ts Vour = 2V Step oA 1% 10 ns
10 0.01% 12
i T R tF Vourt = 2V Step 2 ns
} incut Voltage Noise Density en f = 10MHz 5 nVANHz
| Inout Current Noise Density in f = 10MHz, either input 2 pANHzZ
| Diffgrential Gain (Note 3) DG f = 3.58MHz 0.01 %
Difizrential Phase (Note 3) DP f = 3.58MHz 0.01 degrees
Output Impedance Zout f = 10MHz 2.5 Q
Total Harmonic Distortion THD fc = 10MHz, Vout = 2Vp-p -58 dB
Spurious-Free Dynamic Range SFDR f = BMHz, Vout = 2Vp-p -74 dBc
| Third-Order Intercept IP3 f = 10MHz, VouT = 2Vp-p 36 dBm

Note 1: Specifications for the MAX477EUK (SOT23 package) are 100% tested at TA = +25°C, and guaranteed by design over
temperature.

Note 2: Maximum AC specifications are guaranteed by sample test on the MAX477ESA only.

Note 3: Tested with 2 3.58MHz video test signal with an amplitude of 40IRE superimposed on a linear ramp (0 to 100IRE). An IRE is
2 unit of video-signal amplitude developed by the Institute of Radio Engineers. 140IRE = 1V.

Typical Operating Characteristics
(Vce = +5V, VEg = -5V, RL = 100Q, CL = OpF, Ta = +25°C, unless otherwise noted.)

SMALL-SIGNAL GAIN SMALL-SIGNAL GAIN vs. SMALL-SIGNAL GAIN vs.
vs. FREQUENCY (AycL = +1V/V) FREQUENCY (AvcL = +2V/V) FREQUENCY (AycL = +10V/V)
2 s 8 s 22 z
1 H 7 E 21 i
0 6 o 20 .
A 5 N 19 |
{
—_ —_ o N
g 2 g 4 \ g X
= -3 = 3 = 17
= \ = ‘ = \
S 4 3 2 S 16
5 1 \ 15 !
6 0 ‘\ 14
7 H -1 13
-8 2 \ 12 \
M 10M 100M 16 ™ 10M 100M 16 100k ™ 10M 100M
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)

MAXIMN 3

LLEXTIN



MAX477

300MHz High-Speed Op Amp

(Voo = +5V, VEE = -5V, RL = 100Q, CL = 0pF, Ta = +25°C, unless otherwise noted.)

0.2

IN
(50mV/
div)
VOLTAGE
ouT
(100mV/
div)

IN
(1Vrdiv)

VOLTAGE

out
(2vidiv)

GAIN FLATNESS
vs. FREQUENCY (AvcL = +1VNV)
5 3
| H
‘ H 2
! | 1
| \ 0
B o
i \ = X1
; =
1] \ 3 2
| 1T \ -3
| ‘ \ -4
T =2
[ \ -
™ 10M 100M 16
FREQUENCY (Hz)
SMALL-SIGNAL PULSE RESPONSE
(Avce = +2VNV)
|
‘ GND N
(50mv/
div)
Nl VOLTAGE
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(Vce = +5V, VEE = -5V, RL = 1009, C = 0pF, Ta = +25°C, unless otherwise noted.)
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Typical Operating Characteristics (continued)
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MAX477

300MHz High-Speed Op Amp

(Vce = +5V, VEE = -5V, RL = 100Q, Cp = OpF, Ta = +25°C, unless otherwise noted.)
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300N Hz High-Speed Op Amp

Pin Description

! PIN
| SO/UMAX/DIP SOT23 | NAME FUNCTION
| No Connect. Not inter-
%88 - NG, nally connected.
2 4 IN- Inverting Input
3 3 IN+ Noninverting Input
Negative Power
‘ § VEE | Supply
6 1 ouT Amplifier Output
Positive Power
! ° VeS| supply

Detailed Description

The MAX477 allows the flexibility and ease of a classic
voltage-feedback architecture while maintaining the
high-speed benefits of current-mode feedback (CMF)
amplifiers. Although the MAX477 is a voltage-feedback
op amp, its internal architecture provides an 1100V/us
slew rate and a low 8mA supply current. CMF ampli-
fiers offer high slew rates while maintaining low supply
current, but use the feedback and load resistors as part
of the amplifier's frequency compensation network. In
addition, they have only one input with high imped-
ance.

The MAX477 has speed and power specifications like
those of current-feedback amplifiers, but has high input
impedance at both input terminals. Like other voltage-
feedback op amps, its frequency compensation is
independent of the feedback and load resistors, and it
exhibits a constant gain-bandwidth product. However,
unlike standard voltage-feedback amplifiers, its large-
signal slew rate is not limited by an internal current
source, so the MAX477 exhibits a very high full-power
bandwidth.

Output Short-Circuit Protection
Under short-circuit conditions, the output current is typi-
cally limited to 150mA. This is low enough that a short to
ground of any duration will not cause permanent dam-
age to the chip. However, a short to either supply wil
significantly increase the power dissipation and may
cause permanent damage. The high output-
current capability is an advantage in systems that trans-
mit a signal to several loads. See High-Performance
Video Distribution Amplifier in the Applications
Information section.

Applications Information

Grounding, Bypassing,
and PC Board Layout
To obtain the MAX477's full 300MHz bandwidth, Micro-
strip and Stripline techniques are recommended in
most cases. To ensure the PC board does not degrade
the amplifier's performance, design the board for a fre-
quency greater than 1GHz. Even with very short traces,
use these techniques at critical points, such as inputs
and outputs. Whether you use a constant-impedance
board or not, observe the following guidelines when
designing the board:

¢ Do not use wire-wrap boards. They are too inductive.
e Do not use IC sockets. They increase parasitic
capacitance and inductance.

In general, surface-mcunt components have shorter
leads and lower parasitic reactance, giving better
high-frequency performance than through-hole com-
ponents.

e The PC board should have at least two layers, with
one side a signal layer and the other a ground plane.

e Keep signal lines as short and straight as possible.

Do not make S0° turns; round all corners.

The ground plane should be as free from voids as

possible. =

Rg Rr

Vi —\AVN—e

>— Vour

Vour =-(Re/Re) Vv~

Re Re

— Vout

Vin

Vour = (1 + (Re/R)] Vin

Figure 1a. Inverting Gain Configuration

Figure 1b. Noninverting Gain Configuration

MAXIVI
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300MHz High-Speed Op Amp

Table 1. Resistor and Bandwidth Values tor

, o /\/iF/\f Various Closed-Loop Gain Configurations

-3dB

GAIN | Rg Rf
BANDWIDTH

- (VIV) Q) Q) (MHz)
pe= SNAXIMN b— Vour +1 Open Short 300

MAXATT, +2 500 500 120
/ §RL +5 125 500 25
1 af +10 50 450 12

B - -1 300 300 114
Figure 2. Effect of High-Feedback Resistor Values and 2 o, e G
Parzsitic Capacitance on Bandwidth -5 100 500 ‘ 42
-10 50 500 \ 23

Setting Gain
The MAX477 can be configured as an inverting or non-
inverting gain block in the same manner as any other
voltage-feedback op amp. The gain is determined by
the ratio of two resistors and does not affect amplifier
frequency compensation. This is unlike CMF op amps,
which have a limited range of feedback resistors, typi-
cally one resistor value for each gain and load setting.
This is because the -3dB bandwidth of a CMF op amp
is set by the feedback and load resistors. Figure 1a
shows the inverting gain configuration and its gain
equation, while Figure 1b shows the noninverting gain
configuration.

Choosing Resistor Values
The feedback and input resistor values are not critical
in the inverting or noninverting gain configurations (as
with current-feedback amplifiers). However, be sure to
select resistors that are small and noninductive.

Surface-mount resistors are best for high-frequency cir-
cuits. Their material is similar to that of metal-film resis-
tors, but to minimize inductance, it is deposited in a flat,
linear manner using a thick film. Their small size and
lack of leads also minimize parasitic inductance and
capacitance.

The MAX477's input capacitance is approximately 1pF.
In either the inverting or noninverting configuration,
excess phase resulting from the pole frequency formed
by Rt || Rg and C can degrade amplifier phase margin
and cause oscillations (Figure 2). Table 1 shows the
recommended resistor combinations and measured
bandwidth for several gain values.

DC and Noise Errors
The standard voltage-feedback topology of the
MAX477 allows DC error and noise calculations to be
done in the usual way. The following analysis shows

8

that the MAX477’s voltage-feedback architecture pro-
vides a precision amplifier with significantly lower DC
errors and lower noise compared to CMF amplifiers.

1) In Figure 3, total output offset error is given by:

Vout =|:1+§—;:|
{Vos +IgRs ~1a (R | Rg)+'os(Rs +(Rell Rg))]

For the special case in which Rs is arranged to be
equal to Rf || Rg, the Ig terms cancel out. Note also,
for los (Rs + (Rf || Rg) << Vos, the los term also
drops out of the equation for total DC error. In prac-
tice, high-speed configurations for the MAX477
necessitate the use of low-value resistors for Rs, Rf,
and Rg. In this case, the Vos term is the dominant
DC error source.

2) The MAX477’s total input-referred noise in a closed-
loop feedback configuration can be calculated by:

er = \/ [enz +eH2 +(inREo)2:|

where en = input-referred noise voltage of the
MAX477 (5nVyHz)

in = input-referred noise current of the
MAX477 (2pAVHZ)

ReqQ = total equivalent source resistance at
the two inputs, i.e., Req = Rs + R || Rg

eR = resistor noise voltage due to ReQ, i.e.,

er = 4KT Rgq

VAKXV




300MHz High-Speed Op Amp

As an example, consider Rs = 75Q, Rf = Rg = 500¢z.
Then:

Req = 75Q +(500Q || 5000) = 3250
er =4KT x 325 =23nV/Hz at 25°C

er = \(Snv)2 +(2.3nV)? +(2pAx 325)° =5.50VHz

3) The MAX477's output-referred noise is simply total
input-referred noise, eT, multiplied by the gain
factor:

Ri
pouT = 1 | g
g

In the above example, with eT = 5.5nVyHz, and assum-
ing a signal bandwidth of 300MHz (471MHz noise
bandwidth), total output noise in this bandwidth is:

eouT = 5.5an[1+§g%} X V471MMHz =239uVRms

Note that for both DC and noise calculations, errors are
dominated by offset voltage (Vos) and input noise volt-
age (en). For a current-mode feedback amplifier with
offset and noise errors significantly higher, the calcula-
tions are very different.

Driving Capacitive Loads
The MAX477 provides maximum AC performance with
no output load capacitance. This is the case when the
MAX477 is driving a correctly terminated transmission
line (i.e., a back-terminated 75Q cable). However, the
MAX477 is capable of driving capacitive loads up to
100pF without oscillations, but with reduced AC perfor-
mance.

Driving large capacitive loads increases the chance of
oscillations in most amplifier circuits. This is especially
true for circuits with high loop gain, such as voltage fol-
lowers. The amplifier's output resistance and the load
capacitor combine to add a pole and excess phase to
the loop response. If the frequency of this pole is low
enough and phase margin is degraded sufficiently,
oscillations may occur.

A second problem when driving capacitive loads
results from the amplifier's output impedance, which
looks inductive at high frequency. This inductance
forms an L-C resonant circuit with the capacitive load,
which causes peaking in the frequency response and
degrades the amplifier's gain margin.

VI AXI1M

MAXIM
MAX477,

Figure 3. Output Offset Voltage

- ]

10 C = 100pF
O =41pFdd

L

L

1

GAIN (dB)
.
-

10 \ \

CL = 0pF
T
1M 10M 100M 1G
FREQUENCY (Hz)

Figure 4. Effect of CLoAD on Frequency Response
(AveL = +1V/V)

The MAX477 drives capacitive loads up to 100pF with-
out oscillation. However, some peaking (in the frequen-
cy domain) or ringing (in the time domain) may occur.
This is shown in Figure 4 and the in the Small and
Large-Signal Pulse Response graphs in the Typical
Operating Characteristics.

To drive larger-capacitance loads or to reduce ringing,
add an isolation resistor between the amplifier's output
and the load, as shown in Figure 5.

The value of Riso depends on the circuit's gain and the
capacitive load. Figure 6 shows the Bode plots that
result when a 20Q isolation resistor is used with a volt-
age follower driving a range of capacitive loads. At the
higher capacitor values, the bandwidth is dominated by
the RC network, formed by Riso and Ci; the bandwidth
of the amplifier itself is much higher. Note that adding
an isolation resistor degrades gain accuracy. The load
and isolation resistor form a divider that decreases the
voltage delivered to the load.

LLVXVIN
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300MHz High-Speed Op Amp

Flash ADC Preamp
Tne MAX477's high output-drive capability and ability
10 drive capacitive loads make it well suited for buffer-
ing the low-impedance input of a high-speed flash
ADC. With its low output impedance, the MAX477 can
crive the inputs of the ADC while maintaining accuracy.
Figure 7 shows a preamp for digitizing video, using the
250Msps MAX100 and the 500Msps MAX101 flash
£DCs. Both of these ADCs have a 50Q input resistance

znc a 1.2GHz input bandwidth.

Riso

Vour

. C

[\

pacitive-Load Driving Circuit

GAIN (dB)

Tl
CL = 22pF

TTTTTT

N

Riso = 20Q

€L = 100pF |7 »\

™

10M 100M
FREQUENCY (Hz)

1G

High-Performance Video
Distribution Amglifier
In a gain of +2 configuration, the MAX477 makes an
excellent driver for back-terminated 75Q video coaxial
cables (Figure 8). The high output-current drive allows
the attachment of up to six +2Vp-p, 150Q loads to the
MAX477 at +25°C. With the output limited to +1Vp-p,
the number of loads may double. The MAX4278 is a
siinilar amplifier configured for a gain of +2 without the
need for external gain-setting resistors. For multiple
gain-of-2 video line drivers in a single package, see the
MAX496/MAX497 data sheet.

Wide-Bandwidth Bessel Filter
Two high-impedance inputs allow the MAX477 to be
used in all standard active filter topologies. The filter
design is straightforward because the component val-
ues can be chosen independently of op amp bias.
Figure 9 shows a wide-bandwidth, second-order Bessel
filter using a multiple feedback topology. The compo-
nent values are chosen for a gain of +2, a -3dB band-
width of 10MHz, and a 28ns delay. Figure 10a shows a
square-wave pulse response, and Figure 10b shows the
filter's frequency response and delay. Notice the flat
delay in the passband, which is characteristic of the
Bessel filter.

ure 6. Effect of CLoaD on Frequency Response With
lation Resistor

500Q

VIDEO IN

FLASH ADC
(MAX100/MAX101)

5000 5000
750 2
0UTH
VIDEOIN 750
70 750 K
= ¢ 0uT2
750
750 750 =
OUTN
750

Figure 7. Preamp for Video Digitizer

10

Figure 8. High-Performance Video Distribution Amplifier
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Chip information

TRANSISTOR COUNT: 175
SUBSTRATE CONNECTED TO VEEe

Figure 9. 8MHz Bessel Filter
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Figure 10a. 5MHz Square Wave Input
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Figure 10b. Gain and Delay vs. Frequency
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General Description

The MAX477 evaluation kit (EV kit) simplifies evaluation
of the MAX477, a 300MHz high-speed amplifier. Its cir-
cuit includes the MAX477 in the noninverting configura-
tion set to unity gain. RF-style connectors (SMA) and
75Q terminating resistors are included for compatibility
with video test equipment.

Component List

M AXILI

MAX477 Evaluation Kit

Features

¢ 300MHz -3dB Bandwidth
¢ Optional Adjustable Gain
¢ Fully Assembled and Tested

Ordering Information

PART TEMP. RANGE BOARD TYPE |

MAX477EVKIT-SO +25°C Surface Mount |

DESIGNATION | QTY DESCRIPTION
U1 1 MAX477ESA
10uF, 10V, 20% tantalum capacitors
C1,C6 2 | AVX TAJB106M010
Sprague 293D 106X00108B
1000pF, 10% ceramic capacitors
C3. g e Vitramon VJ1208Y 102KXX
0.1uF, 10% ceramic capacitors
= b 2| Vitramon VJ1206Y104KXX
R1, R2 2 | 75Q, 5% resistors
RF 1 0Q resistor
IN, OUT 2 | SMA connectors
None ", High-frequency amplifier PC board
Component Suppliers
SUPPLIER PHONE FAX
AVX (803) 946-0690 (803) 626-3123
Sprague (603) 224-1961 (603) 224-1430
Vishay/Vitramon (203) 268-6261 (203) 452-5670

Quick Start

The MAX477 EV kit is fully assembled and tested.
Follow these steps to verify board operation. Do not
turn on the power supply until all connections are
completed.

1) The circuit requires supply voltages of +5V.
Connect the +5V supply to the V+ pad, and the -5V
supply to the V- pad. Connect power-supply ground
to the pad marked GND.

2) Apply a signal of +2.0V maximum to the SMA con-
nector marked IN.

3) Connect the output marked OUT to an oscilloscope
through a terminated 75Q cable.

4) Turn on the power supply and verify the output sig-
nal on the oscilloscope.

AKX

Detailed Description

Shutdown Control
Although the EV kit provides shutdown-control circuitry
(J1) for other amplifiers, the MAX477 does not have a
shutdown feature.

Voltage-Gain Adjustment
The MAX477’s gain can be adjusted with minor modifi-
cations to the evaluation board.

1) Select feedback (RF) and gain set (Rg) resistors
from Table 1.

2) Install RF and RG.

Table 1. Gain-Set Resistors

Gain o Be | Ganawiam
(MHz)
1 0 Open 300
2 500 500 120
5 125 500 25
10 50 450 12

Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.

For small orders, phone 408-737-7600 ext. 3468.
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MAX477 Evaluation Kit

Layout Considerations to the MAX477 supply pins as possible. No-Connect
The MAX477 EV kit layout is optimized for high-spead pins 1 and 5 are grounded to prevent unwanted noise

signals. Careful attention was given to grounding, from coupling into the circuit. Refer to the Grounding,
power-supply bypassing, and signal-path layout. Small Bypassing, and PC Board | avout section of the
surface-mount ceramic capacitors are placed as close MAX477 data sheet for further details
“1 ........... ny
o : ¢ o O
: o O
: 10uF

SHDN — 1

: I <
§ SFDN N 7 i 2
B N Y iR I 0.1uF I 1000pF

e B
= MAXIM . 3) out
7SQ ) MAX477 /\/R\Z/\/
= 750 i
= L4 RF
0Q

I o mF moo;;Fi

RG
GND > 0PN
6L
¥ —

. (CIeY)

Figure 1. MAX477 EV Kit Schematic
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MAX477 Evaluation Kit

@/ VI/IXI/IVIQ @

HICH FREQUENCY AMPLIFIER EV KIT
SN OND ., V+

G . 0
@
uc4 .R2 @ @

lN B R (;5 out

0A2U Wi ot @

Figure 2. MAX477 EV Kit Component Placement Guide— Figure 3. MAX477 EV Kit Component Placement Guide—
Component Side Solder Side

Figure 4. MAX477 EV Kit PC Board Layout—Component Side Figure 5. MAX477 EV Kit PC Board Layout—Solder Side
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19-1129; Rev 0; 9/96 j@ /EXE}M
High-Speed, 3V/5V, Rail-to-Rail,
Single-Supply Comparators

General Description Features g
The MAXS61 /MAX962 are high-speed, single/dual com- ¢ Ultra-Fast, 7ns Propagation Delay b
parators with internal hysteresis. These devices are L .
optimized for single +3V or +5V operation. The input ¢ Optimized for +3V and +5V Single-Supply *
common-mode range extends beyond both supply Applications m
rails, and the outputs can sink or source 4mA to within ¢ Rail-to-Rail Input Voltage Range
0.5V of GND and Vcc. Propagation delay is under 7ns P . ge g m
(5mV overdrive), while supply current is 8.5mA/ ¢ Internal Hysteresis for Clean Switching -
somparator =
comp : ¢ Output Latch (MAX961) g
The single MAX961 features complementary outputs, a .
low-power shutdown mode, and a latch-enable func- ¢ TTH/CMOS-Compatible Complementary Outputs B
tion. The latch function enables the usgr to hold a valid ¢ 500pA (max) Shutdown Current (MAX961) x
comparator output. In shutdown mode, the MAX961 )
consumes only 500uA (max) supply current. The single ¢ 8-Pin SO/UMAX Packages ©
MAX961 and dual MAX962 are available in 8-pin SO (%))
and space-saving HMAX packages. I\)
Applications Ordering Information
3V/5V Systems PART TEMP. RANGE PIN-PACKAGE
Baitery-Powered Systems MAX961ESA -40°C to +85°C _ 8S0
1. MAX961EUA - -40°C to +85°C 8 uUMAX
Threshold'Detectors/Dlscnmmators MAX962ESA 2Co185C | 850
Line Receivers MAX962EUA -40°C to +85°C 8 pMAX
Zero-Crossing Detectors
High-Speed Sampling Circuits
Pin Configurations
TOP VIEW
e [1] 8] vec s [1] 8] vee
MAXIMN = MAXIMN
w-[2) M [0 (2] M [ o
st [3 ] 5] 0 igs [3] 5] 8
te[4 5] ano g- [4] 5] ono
SO/uMAX . SO/pMAX
N AXILM Maxim Integrated Products 3-21

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800



MAX961/MAX962

High-Speed, 3V/5V, Rail-to-Rail,
Single-Supply Comparators

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, VcC to GND.....coooovvvcecc +9Vto -0.3V
AllOther PinS.voummesrmasmvsmpesmnes -0.3Vto (Vcc + 0.3V)
Duration of Output Short Circuit to GND or Vg ....... Continuous
Continuous Power Dissipation (Ta = +70°C)
SO (derate 5.88mW/°C above +70°C)..........ccccccveveue 471m\/
HUMAX (derate 4.1mW/°C above +70°C)

Operating Temperature Range

MAXSB_E ... -40°C to +85°C
Storage Temperature Range........... 65°C to +160°C
Lead Temperature (soldering, 10sec

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Vee = +2.7Vto +8V, Vem = 0V, Cout = 5pF, VSHDN = 0V, VLE = 0V, unless otherwise noted.) (Note 1)

Ta = +25°C TMIN to TMAX
PARAMETER SYMBOL CONDITIONS UNITS
MIN TYP MAX MIN MAX
Supply Voltage Vce Inferred by PSRR 2o 8 a7 8 \
Input Voltage Range VCMR (Note 2) -0.1 Vce + 0.1 -0.1 Vce+ 0.1 \Y
Vem =0V | MAX96_SA 1.0 35 4.0
: - or Ve,
Input-Referred Trip Points VTRIP Yok ) mV
(Note 3) MAX96_UA 1.0 35 52
Vc\ts//l =0V | MAX96_SA 05 1.5 20
N or VCce,
Input Offset Voltage Vos Ve = 5V mV
(Note 4) MAX96_UA 0.5 1.5 35
Ving = Vin. | MAX96_SA +15 15
Input Bias Current I8 =0VorVcc, pA
Vee =5V | maxgs_UA +15 30
. ’ Vce =8V, VIN- = 0V,
Differential Input Clamp Voltage I(IN+) = 100pA 3.6 v
Input Capacitance 3 pF
Differential Input Impedance RIND Vce =5V 8 kQ
Common-Mode Input Impedance| RincM Vce =5V 130 kQ
- : Vcec =5V, Vem = 0.1V
Common-Mode Rejection Ratio | CMRR 10 5.1V (Note 5) 0.1 0.3 0.5 mV/V
Power-Supply Rejection Ratio PSRR Vcum = 0V (Note 6) 0.05 0.3 03 mv/V
Output High Voltage VoH ISOURCE = 4mA Vcc-0.52 Vcc - 0.52 \
Output Low Voltage VoL ISINK = 4mA 0.52 0.52 \%
Capacitive Slew Current Vourt = 1.4V, Vcc = 2.7V 30 60 mA
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High-Speed, 3V/5V, Rail-to-Rail,
Single-Supply Comparators

ELECTRICAL CHARACTERISTICS (continued)

(Vce = +2.7Vto +8V, Vom = 0V, Cout =

EpF, VSHDN = 0V, VLE = 0V, unless otherwise noted.) (Note 1)

Ta = +25°C T to T|
[ panameven SYMBOL CONDITIONS AT MINTD MAX ) unms
MIN TYP MAX MIN MAX
Output Capacitance 4 pF
Supply C ; | MAX961, Vce = 5V 8.5 11 11 mA
urren

HPRY 3 MAX962, Vcc = 5V iyl 16 17 mA

Shutdown Supply Current ISHDN | MAX961, Ve = 5V 0.27 ] 0.5 mA
MAX961, Vourt = 0.5V
Shutdown Output Current and VoG - 0.5V 1 10 A
Rise/Fall Time R, tF Nce B 5V 2.3 ns
. . (Vec/2) Vec/ 2 (Vec/2)
Logic Input High ViH +04 +0.4 ¥
. Vec/2 (Vec/2) (Veel2)

Logic Input Low ViL S04 J04 v
Logic Input Current i, i | VLogic =0V or Vce i 15 pA
Propagation Delay tPD (Note 7) 4.5 7 8.5 ns

. ; ; Between any two
Differential Propaganoq Dtﬂay tPD channels or outputs (Q/Q) 0.3 ns
Propagation-Delay Skew tSKEW Between tpg. and tpd+ 0.3 ns
Data-to-Latch Setup Time tsu (Note 8) 5 5 ns
Latch-to-Data Hold Time tH (Note 8) ] 5 ns
Latch Pulse Width tLPw (Note 8) 5 5 ns
Latch Propagation Delay tLPD (Note 8) 10 10 ns

. Delay until output is

Shutdown Time tESHON high-Z (>109) 150 ns
Shutdown Disable Time toSHDN | Delay until output is valid 250 ns

Note 1: Vg is defined as the average voltage of ViNg and VIN-.

Note 2: Inferred by CMRR. Either input can be driven to the absolute maximum limit without false output inversion, as long as the
other input is within the input voltage range.

Note 3: The input-referred trip points are the extremities of the differential input voltage required to make the comparator output
change state. The difference between the upper and lower trip points is equal to the width of the input-referred hysteresis
zone. See Figure 1.

Note 4: Input offset voltage is defined as the mean of the trip points.

Note 5: CMRR = (Vos - Vosv4) / 5.2V, where VosL is the offset at Vom = -0.1V and Vosv4 is the offset at Vom = 5.1V.

Note 6: PSRR = (V0s2.7 - Vos8) / 5.3V, where Vos2.7 is the offset voltage at Vcc = 2.7V, and Vos8 is the offset voltage at Vcc = 8V.

Note 7: 5mV overdrive, Cout = 5pF, either direction, guaranteed by sample test. Transitions are measured from the point where
ViN+ crosses VIN-, to the point where the output crosses Vcc / 2. Overdrive is above and beyond the offset voltage.

Note 8: Guaranteed by design.
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MAX961/MAX962

High-Speed, 3V/5V, Rail-to-Rail,
Single-Supply Comparators

Typical Operating Characteristics

(Vce = +3.0V, BmV of overdnive, Ta = +25°C, uniess otherwise ncted.)

PROPAGATION DELAY PROPAGATION DELAY PROPAGATYION DELAY
vs. INPUT OVERDRIVE vs. TEMPERATURE vs. CAPAGITIVE LOAD
75 : 68 y g 8 :
g 2 13
70 g 66 H
7 I\ \2 A4 // : ) //// ;
£ 65 g6 7 g 7
g g 6.2 1// g tpp- 7 /
z 60 \\ Z )l tp/w // 2 / /
= _— ¥ ” = A /
g 55 \ 2 .y =—— —— teo EN\E [/ /
S 50 s a
£ TN £ s I\\} /] "
T 45 Sw & chy £ 5
tep, e~ i
40 ' — 52
35 50 4
0 10 20 30 40 50 60 70 80 90100 40 20 0 20 40 60 85 0 20 40 60 80 100 120
INPUT OVERDRIVE (mV) TEMPERATURE (°C) CAPACITIVE LOAD (pF)
PROPAGATION DELAY OUTPUT HIGH VOLTAGE OUTPUT LOW VOLTAGE
vs. SUPPLY VOLTAGE vs. SOURCE CURRENT vs. SINK CURRENT
6.6 H 2.80 T g 05 :
\ 5 Ta=+85°C i i
1 6.4 LA 275 f— \ £ ok L / H
£ 62 ¥ Ta=+25°C Ta=-40°C
5‘ i \ /lpof(Q) 270 h N T.__A-,,zs-c _//
o 6. S = Ta=-40°C \ 03 — A
£ 5 \\\&\ io % o — % Tevsc]
= N = =
g 56 }Q: S e N 02
o
S\ 22 \
& 54 tpp+(Q) 7‘*\\ 255 \\ 0.1
52 tp-(Q) & A\
50 | 250 0
2 Q3 Ve T4 E 1 10 100 1000 10000 1 10 100 1000 10000
SUPPLY VOLTAGE (V) SOURCE CURRENT (uA) SINK CURRENT (1A)
MAX961 MAX962 MAX961
SUPPLY CURRENT SUPPLY CURRENT SHUTDOWN SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE vs. TEMPERATURE
100 g 19 g 300 I i
95 L § i < Veg =50V 5
9.0 Pra 17 Ta=+25°C /1 ping 280 L—
z r = Ta= +85°C g [
E 85 Ta=+25°C //// £ Ay \ \ 4/ E
Z 80 | ,/ = s \ 2;' L1 320
£ 75 | 42 \r =-40°C™ ] £ 5 7/ — g
> 70 d ¥ ~ =P { 2 g
2 N z LA . =
5 65 Ta= +85°C 5 N 4 Ta=-40°C S Veg =27V
@ 7 3 cc=2. __’_’_’__/
6.0 l - g / 5 110 E—
55 o &
50 7 60
2 3 4 5 6 71 8 2 3 4 5 6 1 8 40 20 0 20 4 60 85
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) TEMPERATURE (°C)
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High-Speed, 3V/5V, Rail-to-Rail,
Single-Supply Comparators

Typical Operating Characteristics (continued) g
(Ve = +3.0V, dmV of overdrive, Ta = +25°C, unless otnerwise noted.) b
VOLTAGE TRIP POINT/INPUT OFFSET VOLTAGE TRIP POINTS/INPUT OFFSET é
VOLTAGE vs. TEMPERATURE VOLTAGE vs. SUPPLY VOLTAGE
3 —s 4 2 m
L g 1 £ =,
5 VIRIPs H 3 x % N
* VIRIP+
3 oy =
s Vos L g — b
£ 0 £ g ¢
5 S 0
T 4 o o)
o« o<
-
= i Virp- | — m
-2 2 | N
ViRIp- /
23 -3
40 20 0 20 40 60 85 2 3 4 5 6 1 8
TEMPERATURE (°C) SUPPLY VOLTAGE (V)
INPUT BIAS CURRENT (Ig,, Is.) SHORT-CIRCUIT OUTPUT CURRENT
vs. COMMON-MODE VOLTAGE vs. TEMPERATURE
14 T = =
12 L] vor=8v_ |2 — g
AN 1 | =120 OUTPUT SHORTED 5
10 AN Vin=Vos E TO Ve (SINKING)
I~ NEGATIVE = 100
= 8 VALUES &
El 6 FTa=+25°C REPRESENT Sl
& | CURRENT ° T
i 4 |—1Ta=+85%C FLOWING INTO SA v AL JUTFUT SHORTER
ki THE DEVICE = T0 GND (SOURCING)
2 =
3 =40
z
. NI 4
b 0
401 23 456 7889 40 20 0 20 40 60 80
- Vew (V) TEMPERATURE (°C)
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MAX961/MAX962

High-Speed, 3V/5V, Rail-to-Rail,
Single-Supply Comparators

Typical Operating Characteristics (continued)

(Vce = +3.0V, 5mV of overdrive, Ta = +25°C, unless otherwise noted.)

S0MHz RESPONSE PROPAGATION DELAY (tpp,)

/\ 2 \ : INPUT : : o T et
> TN /. S0mV/div 2mV/div
- \\_ 3 . £

Vop
GND

(OSSR S |

MAX172-15

MAXOE12-1

! 1 v OUTPUT QUTPUT
i { | l ‘1 1V/div 1V/div
GND \,,_ﬂ EW; J,,.._
5ns/div Sns/div
PROPAGATION DELAY (tpp.)
15

INPUT

20mV/div

OUTPUT

1V/div

Sns/div
Pin Description
PIN
AN ke NAME FUNCTION

1 — IN+ Comparator Noninverting Input
2 — IN- Comparator Inverting Input
— 1 INA+ Comparator A Noninverting Input
—_— 2 INA- Comparator A Inverting Input
3 — SHDN Shutdown Input. MAX961 shuts down when SHDN is high
— 3 INB+ Comparator B Noninverting Input
— 4 INB- Comparator B Inverting Input
4 — LE Latch Enable Input. The output latches when LE is high. The latch is transparent when LE is low.
5 5 GND Ground
— 6 QB Comparator B Output
6 — Q Comparator Output
— 7 QA Comparator A Output
7 — Q Comparator Complementary Output
8 8 Vce Positive Supply Input (Vcc to GND must be <8V)

3-26
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High-Speed, 3V/5V, Rail-to-Rail,
Single-Supply Comparators

Detailed Description

The MAX961/MAX962 single-supply comparators fea-
ture internal hysteresis, high speed, and low power.
Their outputs are guaranteed to pull within 0.52V of
either rail without external pull-up or pull-down circuitry.
Rail-to-rail input voltage range and low-voltage, single-
supply operation make these devices ideal for portable
equipment. The MAX961/MAX962 both interface direct-
iy to CMOS logic.

Timing
Most high-speed comparators oscillate in the linear
region because of noise or undesirable parasitic feed-
back. This can occur when the voltage on one input is
close to or equal to the voltage on the other input. The
MAX961/MAX962 have a small amount of internal hys-
teresis to counter parasitic effects and noise.

The added hysteresis of the MAX961/MAX962 creates
two trip points: one for the rising input voltage and one
for the falling input voltage (Figure 1). The difference
between the trip points is the hysteresis. When the
comparator's input voltages are equal, the hysteresis
effectively causes one comparator input voltage to
move quickly past the other, thus taking the input out of
the region where oscillation occurs. Standard compara-

tors require hysteresis to be added with external resis-
tors. The MAX961/MAX962's fixed internal hysteresis
eliminctes these resistors.

Figure 1 illustrates the case where IN- is fixed and IN+
is varied. If the inputs were reversed, the figure would
look the same, except for an inverted output.

The MAXS61 includes an internal latch that allows stor-
age of comparison results. LE has a high input imped-
ance. If LE is low, the latch is transparent (i.e., the
comparator operates as though the latch is not pre-
sent). The comparator's output state is stored when LE
is pulled high. All timing constraints must be met when
using the latch function (Figure 2).

Input Stage Circuitry
The MAX961/MAX962 include internal protection cir-
cuitry that prevents damage to the precision input
stage from large differential input voltages. This protec-
tion circuitry consists of two groups of five front-to-back
diodes between IN+ and IN-, as well as two 200Q resis-
tors (Figure 3). The diodes limit the differential voltage
applied to the internal circuitry of the comparators to no
more than 5VF, where VF is the diode's forward-voltage
drop (about 0.7V at +25°C).

ViRips /:/
Vi, i
Vhvst / Vos: _ Vires + ViRie-
% M im, °
/ / Vin-= 0V
Viip- VA :
— Vo
Q Vo
Q Vou
— VoL

Figure 1. Input and Output Waveform, Noninverting Input Varied
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MAX961/MAX962

High-Speed, 3V/5V, Rail-to-Rail,
Single-Supply Comparators

taU"“ =
e
[ |
DIFFERENTIAL ¥ ) O\
INPUT Vos
VOLTAGE ;
}

LE 5 Ir
o —

trp

Vou

ol
T
e

in A2

Figure 2. MAX961 Timing Diagram

ANAXI/VE
MAX951
MAX962

IN&O—-4\/\/\/—I—> TO INTERNAL
CIRCUITRY

* TO INTERNAL
CIRCUITRY

Figure 3. Input Stage Circuitry

3-28

For a large differential input voltage (exceeding 5VF),
this protection circuitry increases the input bias current
at IN+ (source) and IN- (sink).

(IN+ - IN-) - 5VF

Input current =
2x200

Input currents with large differential input voltages
should not be confused with input bias currents (Ig). As
long as the differential input voltage is less than 5VF,
this input current is less than 2Ig. The protection circuit- :
ry also allows for the MAX961/MAX962's input com-
mon-mode range to extend beyond both power-supply
rails. The output remains in the correct logic state if one
or both inputs are within the common-mode range.
Taking either input outside the common-mode range
causes the output to saturate and the propagation
delay to worsen.

MAXIMN




High-Speed, 3V/5V, Rail-to-Rail,
Single-Supply Comparators

MAXIVI
MAX961
MAX962

IsouRce

OUTPUT

Figure 4. Output Stage Circuitry

Output-Stage Circuitry
The MAX961/MAX962 contain a current-driven output
stage, as shown in Figure 4. During an output transition,
ISOURCE or ISINK is pushed or pulled to the output pin.
The output source or sink current is high during the
transition, creating a rapid slew rate. Once the output
voltage reaches VoH or VoL, the source or sink current
decreases to a small value, capable of maintaining the
VOH or VoL in static condition. This decrease in current
conserves power after an output transition has
occurred.

One consequence of a current-driven output stage is a
linear dependence between the slew rate and the load
capacitance. A heavy capacitive load slows down the
voltage output transition. This is useful in noise-sensi-
tive applications, where fast edges may cause interfer-
ence.

. Shutdown Mode
The MAX961 shuts down when SHDN is high. When
shut down, the supply current drops to less than
500pA, and the outputs become high impedance.
SHDN has a high input impedance. Connect the SHDN
pin to GND for normal operation. Exit shutdown with LE
low; otherwise, the output is indeterminate.

MAXIM

Figure 5. MAX961 PC Layout

Applications Information

Circuit Layout Bypassing

The high-gain bandwidth of the MAX361/MAX962

requires a high-speed layout:

1) Use a printed circuit board with a good, unbroken,
low-inductance ground plane.

2) Place a decoupling capacitor (a 0.1uF ceramic sur-
face-mount capacitor is a good choice) as close to
Vcc as possible.

3) On the inputs and outputs, keep lead lengths short
to avoid unwanted parasitic feedback around the
comparators. Keep inputs away from outputs. Keep
impedance between the inputs low.

4) Solder the device directly to the printed circuit board
rather than using a socket.

5) Figure 5 depicts the recommended circuit layout.

Chip Information

TRANSISTOR COUNT: 286
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AU A X1/

VHF-to-Microwave, +3V,
General-Purpose Amplifiers

_General Description Features

The MAX2630/MAX2631/MAX2632/MAX2533 are low-
voltage, low-noise amplifiers for use from VHF to
microwave frequencies. Operating from a_single +2.7V
to +5.5V supply, these devices have a flat gain
response to 900MHz. Their low noise figure and low
supply current make them ideal for receive, buffer, and
transmit IF applications.

The MAX2630/MAX2531 are biased internally, eliminat-
ing the need for exiernal bias resistors or inductors. The
MAX2632/MAX2633 nave a user-selectable supply cur-
rent, which can be adjusted by adding a single external
resistor. This allows customized output power and gain
according to specific applications requirements. The
MAX2631/MAX2633 feature a shutdown pin that allows
them to be powered down to less than 1pA supply cur-

Single +2.7V to +5.5V Operation
Internally Biased (MAX2630/MAX2631)
Adjustable Bias (MAX2632/MAX2633)

6.6mA Supply Current (insensitive to supply
voltage)

1pA Shutdown Current (MAX2631/MAX2633)
3.7dB Noise Figure

13.4dB Gain

Ultra-Small SOT Packages

> o @

<

¢* © & o

Ordering Information

rent. Aside from & single bias resistor required for the o e
MAX2632/MAX2633. the only external components PART TEMP. RANGE - 4
needed for this family of amplifiers are input and output PACKAGE  MARK
blocking capacitors and a Vcc bypass capacitor. MAX2630EUS-T -40°C to +85°C 4 SOT143 DG__
The MAX2630 comes in a 4-pin SOT143 package, re- MAX2631EUK-T -40°C to +85°C 5S0T235  AABK
quiring minimal bozard space. The MAX2631/MAX2632 MAX2632EUK-T -40°C to +85°C 5 S0OT23-5 AABL
come in small 5-pin SOT23 packages. The MAX2633 MAX2633EUT-T -40°C to +85°C 6 SOT23-6 AAAA

comes in a 6-pin SOT23 package.

Applications
Cordless Phones

Personal Communicating Systems
Cellular Phones
ISM Radios

TV Tuners
Set-Top Boxes

Global Positioning Systems
Wireless Local Area Networks
Wireless Local Loops

Land Mobile Radios

Typical Operating Circuit

*The first two letters in the SOT top mark identify the part,
while the remaining two letters are the lot-tracking code.

Pin Configurations

TOP VIEW
AAAXIAA [ 4|V SHON |1 | mMAXIAA | 5] N
Al E MAX2630 o [ MAX2631 <]
3 wi| =
| [vs]
| =
onp [ 2] 1] ou [3] 4 Voo
SOT143 SOT23-5

CeLock
ON s
SN N o
OFF—J— ) el BAS [1] amamxam [s] i SN [1 | maxam f6 ]
MAX2632 MAX2633
Reias
GND BIAS
o < aof2] = anp [2 = [sless
= s os) >
out Vee - ~ =
dore— | T Ve our 3] [Jvee  our[3 [4] vec
CaLock MAX2633 - Ceyp
= SOT23-5 SOT23-6
WIAXIMN Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.
For small orders, phone 408-737-7600 ext. 3468.
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MAX2630-MAX2633

VHF-to-Microwave, +3V,
General-Purpose Amplifiers

ABSOLUTE MAXIMUM RATINGS

Ve to GND Continuous Power Dissipation (Ta = +70°C)

Input Power .. SOT143 (derate 4mW/°C above +70°C) ...

QUT Current ; + SOT23-5 (derate 7.1mW/°C above +70°C)........c...c...

INto GND Voltage ............. -1.2vio 1.2V SOT23-6 (derate 7.1mW/°C above +70°C)..

Bias to GND VORBGE ..o 0.0V to 3V Operating Temperature Range ..o

Voltage at SHDN Input JUNCHON TEMPETAIUTE ..o
(MAX2631/MAX2EZZ) o -0.3V to (Ve + 0.3V) Storage Temperature Range

Current into SHDN Inout (MAX2831/MAX2633).......ccovvves 100pA Lead Temperature (soldering, 10S€C) ....ooovvvvriivinricein: 3

r -Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
ny other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
s for extended periods may affect device reliability.

Stresses beyond tho.
operation of the d
absolute maximum r.

ELECTRICAL CHARACTERISTICS

(Vee = +3V, Zg = 50Q. ‘i = 200MHz, Reias = 10kQ (MAX2632/MAX2633), VSHDN = Vce (MAX2631/MAX2633), Ta = +25°C, unless
otherwise noted.)
PARAMETERS CONDITIONS MIN TYP MAX | UNITS
Operating Temperature ¢ (Note 1) -40 85 |degrees
Supply Voltage 2.7 5.5 v
- Ta = +25°C 1" 13.4 16.5
Power Gain dB
Ta = TMin to Tmax (Note 1) 9.4 18.4
Noise Figure 2.8 dB
Output 1dB Compression Point -11 dBm
Output IP3 -1 dBm
Input Voltage Stancing-V/ave Ratio fin = 800MHz to 1000MHz 18:1
Output Voltage Stzncing-Wave Ratio | fin = 800MHz to 1000MHz 1§5:1
RBlAS = 40kQ 1.3 1.6
Vce =3V, Ta = +25°C 56 6.5 8.0
Supply Current Reias =10kQ | Vcc = 3V, Ta = Tmin to Tvax (Note1) 4.2 6.5 9.2 mA
Veog = 2.7V 10 5.5V, Ta = +25°C 5.2 6.5 11.0
RBiAs = 500Q 15 g
Shutdown Supply Current MAX2631/MAX2633 <0.1 1 LA
SHDN Input Low Voltage MAX2631/MAX2633, Ve = 2.7V to 5.5V 0.45 %
SHDN Input High Voltags MAX2631/MAX2633, Ve = 2.7V 10 5.5V 2.0 \Y
i ) M VSHDN = Vce 30
SHDN Input Bias Current Mﬁigggy VeroN = GND - YA

Note 1: Guaranteed by design and characterization.
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VHF-to-Microwave, +3V,
General-Purpose Amplifiers

Typical Operating Characteristics
(Vee = +3V, VSHEDN = Voo (MAX2631/MAX2633), Zg = 502, fin = 900MHz, Rjas = 10kQ (MAX2632/MAX2633), Ta = +25°C, unless
otherwise noted.)

MAX2632/MAX2633
SUPPLY CURRENT vs. SUPPLY VOLTAGE GAIN vs. SUPPLY CURRENT GAIN vs. FREQUENCY AND VOLTAGE
10 / 2 2 ‘ % 20 -
Te=-£3°C ‘
8 /\, 20 12016H —— 16
| ) __\-\ _
6 ’ 15 / -~ 12 V:.? <
z 6 Tp=-40°C | g “1=096H ] g cc=
% Te=-2273 s V 1 = g
= s =
4 “ 10 / ‘ & &
; // — - 156H;
2 ‘ 5 4
0 ‘ 0 0
2 3 2 5 6 0 25 50 75 100 125 150 01 03 05 07 09 11 13 15
v Icc (mA) FREQUENCY (GHz)
GAIN vs. FREQUENCY QUTPUT 1dB COMPRESSION OUTPUT 1dB COMPRESSION
AND TEMPERATURE POWER vs. FREQUENCY AND VOLTAGE POWER vs. FREQUENCY AND TEMPERATURI
20 d 50 2 5.0 ’
il * o kS E 3
Te=-40°C
16 fed— A\
N\ 75 YA 75
& 12 [1a-a85C 4 — = \\ =
g £ =+25°C = \Q E — N Veo=5V & .
= | Te=35C ~ = 100 ~ =100
g, {, ol < \1> < \\
. Tp=485°C
| | Vee=3V \\ \‘ i}
‘ i 125 125 Th=-40°C
4 i i \ RS
0 : " 150 150
01 03 05 07 08 11 13 15 01 03 05 07 09 11 13 15 01 03 05 07 09 11 13 15
UENCY (GH2) FREQUENCY (GHz) FREQUENCY (GHz)
MAX2632/MAX2633
OUTPUT 1dB COMPRESSION
POWER vs. SUPPLY CURRENT NOISE FIGURE vs. FREQUENCY
0 " 5 .
‘ ; Vg
4 f=0.1GHz = 4
~a - \ [
= 096Hz é’\\ 8
z 8 Z w 3
NN
e f=15GHz =
= A g 2
/ 7 =]
16 / 1
20 0
0 25 50 75 100 125 150 01 03 05 07 09 11 13 15
Icc (mA) FREQUENCY (GHz)
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VHF-to-Microwave, +3V,

General-Purpose Amplifiers

_ Typicai Operating Characteristics (coniinued)

(Vee = +3V, VSHDN = Voo (MAX2631/MAX2633), Zo = 50Q, fin = 900MHz, Rgjas = 10kQ (MAX2632/MAX2633), Ta = +25°C, unless

otherwise noted.)

MAX2632/MAX2633

SUPPLY CURRENT vs. Rgias

N

Vee

Iec (MA)

100

MAZE0 9

o o 1= o
= =4 =4 =
5 8 = &

SHUTDOWN Ieg (1A)

o
=

0

MAX2631/MAX2633

SHUTDOWN SUPPLY CURRENT
vs. TEMPERATURE

VOLTAGE STANDING-WAVE
RATIO vs. FREQUENCY

51

W 10

Vog =55V 3 \‘—

VSWR

R \\om
Vo =3.0V

-40

-20

0

11
20 40 60 80 01 03 05 07 08 11 1

{ /] 21
Vee=2.7V ] X \ i I~
| i L
31

5

TEMPERATURE (°C) FREQUENCY (GHz)

Pin Description

PIN

MAX2630 | MAX2631 = MAX2632

MAX2633

NAME

FUNCTION

5

Amplifier Input. Use a series blocking capacitor with less than
3Q reactance at your lowest operating frequency.

GND

Ground Connection. For optimum performance, provide a low-
inductance connection to the ground plane.

w

out

Amplifier Output. Use a series blocking capacitor with less than
3Q reactance at your lowest operating frequency.

Vec

Supply Connection. Bypass directly at the supply pin. The value
of the bypass capacitor is determined by the lowest operating
frequency, and is typically the same as the blocking capacitor
value. Additional bypassing may be necessary for long Vcc
lines.

Shutdown Input. Driving SHDN with a logic low turns off the
amplifier.

Bias Resistor Connection. Connect a resistor to GND to set the
bias current. See the Supply Current vs. Rg|as graph in the
Typical Operating Characteristics.
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VHF-to-Microwave, +3V,
General-Purpose Amplifiers

Table 1a. Typical Scattering Parameters
(Vce = +3V, VIEDN = Ve, 2o = 50Q, Rpias = 10kQ, Ta = +25°C.)

FREQUENCY s11 | s11 S21 S21 321 ; S12 S12 S12 S22 S22

(GHz) (mag) | (ang) | (@B) | (mag) | (ang) | (dB) | (mag) | (ang) | (mag) | (ang) | <
0.05 059 | -B0 12.9 4.39 46 -38.7 0.012 37 0.62 -19 4.30

| Q.10 6.87 -70 14.2 it 1 -36.7 0.015 12 0.57 -29 4.07

‘! 0.20 tez = -86 146 0:32 -49 -35.8 0.016 -13 0.54 -49 3.93
0.30 0.17 -100 14.5 5.32 -89 -35.0 0.018 -32 0.53 -71 3.74
0.40 C.16 -109 14.5 628 -125 -34.4 0.019 -51 0.51 -94 3.61
0.50 C.i5 -99 14.3 5.19 -138 =386 0.021 -70 0.50 -118 3.45

i 0.60 c.i4 | 86 14.1 5.05 -127 -33.0 0.022 -89 0.48 -109 3.38
0.70 c.i¢ | -68 189 493 -116 -32.2 0.025 -107 0.46 -96 3.27
0.80 C.i4 ' -49 185 4.75 -104 -31.3 0.027 -124 0.44 -82 3.16
0.80 see€) k31 13.0 4.49 -93 -30.3 0.031 -142 0.42 -68 3.05
1.00 C.aP e [210 12.6 4.25 -82 -29.0 0.035 -161 0.40 -53 2.87
1.20 0.6e 19 10.8 3.48 -58 -25.8 0.051 1563 0.83 -25 2.59
1.40 D41 -60 79 2.48 -110 -23.7 0.065 113 0.26 -12 2.90
1.60 0.24 -31 5.6 1.91 -162 -23.6 0.066 122 0.26 -7 3.51
1.80 0:30 ‘ -26 4.8 573 144 -23.7 0.065 120 0.26 -34 3.76
2.00 G.381 [ -66 4.3 1.63 86 -23.3 0.069 117 0.25 -63 3.60
2.20 0.27 1 -98 3.6 1.51 27 -22.3 0.077 116 0.24 -83 3.80
2.40 g.2s -115 2.6 1.36 L33 -21.3 0.086 116 025 -97 3.81
2.50 c.22 -120 2.2 1.29 12 -21.0 0.089 114 0.27 -106 3.86

WAXI 5
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VHF-to-Microwave, +3V,
General-Purpose Amplifiers

M Table ib. MAX2633 Typical Scattering Parameters
€ (Ve = +5V, VEEDIT= Vo, Zo = 500, Reias = 10k, Ta = +25°C.)
© [Frequency st1 Sit s21 s21 s21 s12 s12 si2 s22 822
N (GHz)  (mag) | (ang) | (dB) | (mag) | (ang) | (dB) | (mag) | (ang) | (mag) | (ang) K
>< 0.05 038 -53 136 4.80 45 392 | 0011 36 0.62 22 4.26
! 0.10 03 | 76 15.0 562 1 369 | 0014 15 0.57 -29 3.83
E 0.20 020 | 97 15.4 5.87 -48 -36.1 | 0016 -14 0.55 -49 3.75
I 0.30 0.14 |10 15.4 5.91 -87 352 | 0017 -31 053 72 3.48
g 0.40 ci2 | -94 15.4 5.91 123 | -347 | 0018 -50 052 -95 3.3
0 0.50 cit | -82 15.4 5.87 -141 338 | 0020 -68 051 -119 3.14
N 0.60 Cit |66 15.2 5.78 4130 | -831 | 0022 -86 0.49 -108 3.02
K 0.70 011 | =45 15.1 5.68 119 | -323 | 0024 | -104 0.48 -94 2.87
< 0.80 gi1 | .22 14.9 5.54 -108 | -31.3 | 0027 | -121 0.45 -79 273
E 0.90 6z | 2 145 5.30 -96 300 | 0032 | -139 0.43 -85 2.51
1.00 AL 14.1 5.09 -85 285 | 0038 | -158 0.42 -49 2.28
1.20 008 | -54 125 422 -59 252 | 0055 153 0.34 -18 2.01
1.40 010 | -103 9.3 293 112 | -23.1 | 0070 114 0.24 -4 2.36
1.60 022 | 44 6.7 2.16 163 | -233 | 0.0868 125 0.24 7 3.07
1.80 0.22 -20 5.8 196 145 237 | 0.065 124 0.24 -37 3.41
2.00 039 -60 5.3 1.85 89 233 | 0.069 120 0.23 -65 3.41
2.20 028 -92 49 1.75 29 222 | 0078 117 0.21 -83 3.31
2.40 022 -110 39 157 2 217 | 0082 116 0.23 -95 3.48
2.50 c23 | -113 35 1.50 10 2209 | 0.090 115 0.25 -100 3.35
¢ M AXIMI
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Detailed Description

The MAX2630-MAX2633 are broadband amplifiers with
3dB bandwidth areater than 1GHz. Their small size and
internal bias circuitry make them ideal for applications
where board space is limited. The MAX2632/MAX2633
have a user-selectable bias current that allows the user
to set both gain and output power for a particular appli-
cation, and the MAX2631/MAX2633 incorporate shut-
down capability.

Applications Information

External Components
The MAX2630-MAX2633 are easy to use, as shown in the
Typical Operating Circuit and Figures 1, 2 and 3. Input
and output series capacitors may be necessary to block
DC bias voltages generated by the amplifiers from inter-
acting with adjacent circuitry. These capacitors must be
large enough to contribute negligible reactance in a 50Q
system at the minimum operating frequency. Use the fol-
lowing equation to calculate their minimum value:

CBLOCK = Yiaid (pF)

where f (in megahertz) is the minimum operating
frequency.

The Vcc pin must be RF bypassed for correct opera-
tion. To accomplish this, connect a capacitor between
the Vcc pin and ground, as close to the package as is
practical. Use the same equation given above (for DC-
blocking capacitor values) to calculate the minimum
capacitor value. If the PC board has long Vcc lines,
additional bypassing may be necessary. This can be
done farther away from the package, if needed.

Proper grounding of the GND pin is essential. If the PC
board uses a topside RF ground, connect it directly to
the GND pin. For a board where the ground plane is not
on the component side, the best technique is to con-
nect the GND pin to it with a plated through-hole close
to the package.

An on-chip buffer at the MAX2631/MAX2633’s SHDN
pin makes bypassing this pin unnecessary except in
very noisy applications. When RF filtering is needed,
use a bypass capacitor similar to the one used on Vcc.
Since negligible current flows into this pin, additional
RF filtering may be done with a series resistor.

To set the MAX2632/MAX2633's supply current,
connect a resistor from the BIAS pin to ground. To
estimate the value of this resistor, refer to the graph
Supply Current vs. RpiAs in the Typical Operating
Characteristics.

N AXIM
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Figure 1. MAX2630 Typical Operating Circuit
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Figure 3. MAX2632 Typical Operating Circuit
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VHF-to-Microwave, +3V,

General-Purpose Amplifiers

PC Board Layout Example
Example PC board layouts are given in Figures 4 to 7.
They use FR-4 with a 31mil layer thickness between the
RF lines ana the ground plane. The boards satisfy all of
the above recommendations.

RF IN

Vce MAX2630

Figure 4. MAX2630 Example PC Board Layout

MAX2632

MAX2633 SHDN

Figure 6. MAX2632 Example PC Board Layout

Figure 7. MAX2633 Example PC Board Layout
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Chip Information

TRANSISTOR COUNT: 199

Tape-and-Reel Information

—E —> <—P, —gom| r<—P, W
| D ~_BO
W A __.‘
I~ \r\ Va N W N IS, Fan Nl EVan
A =g N\ \,‘\ g \ ) \ N &/ U N
| — t
Fl Dy . Y E
v 1
O O
<P —> ; > le—K
Ag
+0.305
W 8.001 -0.102
P 3.988 +0.102
E 1.753 +0.102
F 3.505 +0.051 NOTE: DIMENSIONS ARE IN MM.
AND FOLLOW EIA481-1 STANDARD.
+0.102
D 1.499 +0.000
+0.254
D, 0.991 +0.000
Po 3.988 +0.102

P10 40.005 +0.203

P2 2.007 +0.051
A0 3.200 +0.102
B0 3.099 #0102
KO 1.397 +0.102

t 0.254 +0.127
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MAX2630-MAX2633

VHF-to-Microwave, +3V,
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Package Information

_ INCHES MILLIMETERS | 5
TEETT =g e DIM| MIN | MAX | MIN | Max | E
ﬁ—@1—» A [ 0031 ] 0047 ] 0.787] 1.194
b Al] 0001 | 0005 | 0.025 | 0.127
1] @ fj B | 0.014 | 0.022 | 0.356| 0.559
= I B1| 0030 | 0038 0.762| 0.965
| ~ @é \! C | 0.0034 0006 | 0.086 | 0.152
1 | o D | 0105 | 0420 | 2.667| 3.048
b { E | 0.047| 0055 1.194 | 1.397
e ] : el] 0.071 | 0079 1803 | 2.007
i s/ 8 e2| 0.008 BSC 0.200 BSC
e _ﬂlteg H | 0.082] 0098 | 2.083] 2489
— gk 1 | 0004 | 0012 | 0.102 | 0.305
S | 0.018 | 0024 | 0.450 | 0.600
a | 0° g8° 0° g°
NOTES:
1. D&E DO NOT INCLUDE MOLD FLASH.
2. MOLD FLASH OR PROTRUSIONS NOT
= D { TO EXCEED .1Smm €006
J_x | % i ’ I 3. CONTROLLING DIMENSION: MILLIMETER
.‘j U a
A I
= g ! | Y
v [ J % L [ VLAXI I
PR @ A—M__ @ ( LF;ACKAGE OUTLINE,SOT-143, 4L
= C W——WWTFP—/'
21-0052 [& 1
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VHF-to-Microwave, +3V,
General-Purpose Amplifiers

Package Information (continued)

080_; SYMBOL | MIN MAX 8
: A 0.90 1.45
o & = L Al 0.00 015
o If e = A2 0.90 1.30
4‘ *1 < —f@; b 035 [0S0
) C 008 | 020
r , ~ D 2.80 | 3.00
f [ T E 2.60 3.00
i El 150 1.75
ol L 035 [ 055
T . - < E % £l e 0.95 REF
\ el 1.90 REF
| a 0° [ 10°
A0
—ei—
D ()
NOTE:
€ I ALL DIMENSIONS ARE IN MILLIMETERS.
T 1 /& FOOT LENGTH MEASURED AT INTERCEPT POINT BETWEEN
= : DATUM A & LEAD SURFACE.
A B2 : 3. PACKAGE OUTLINE EXCLUSIVE OF MOLD FLASH & METAL
a == | BURR.
I q | { 4. PACKAGE OUTLINE INCLUSIVE OF SOLDER PLATING.
i o— =
_ ,
Al VAAV/ D 4Ved
PROPRIETARY INFORNATION
TITLE:
PACKAGE OUTLINE, SOT23, SL
APPROVAL DOCUMENT CONTROL NO RCY l
‘ 21-0057 B /1

/M AXIM -
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package Information (continued)

6LS0T EPS

o
\ V1
N\
Tr@
i

SEE NDTEH m m |

EXAMPLE 1 i [

\ TOP MARK N s
| SF ANAA ¢ et
g ; \ M),
PIN #1
| : ¥ e

NOTE:

1. ALL DIMENSIONS ARE IN MILLIMETERS.

/o FOOT LENGTH MEASURED AT INTERCEPT POINT BETWEEN
DATUM A & LEAD SURFACE.

3. PACKAGE DUTLINE £XCLUSIVE OF MOLD FLASH & METAL

BURR.
4, PACKAGE OUTLINE INCLUSIVE OF SOLDER PLATING.

s. PIN 1 IS LOWER LEFT PIN WHEN READING TOP MARK
FROM LEFT T0 RIGHT. (SEE EXAMPLE TOP MARKD

PROPRICTARY INF
T

PACKAGE DUTLINE, sOT2s,

RPPROVAL TOCUMENT CONTROL *C

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specificarions without notice at any time.
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