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General Description Features

The CLC103 is a high-power, wideband op amp designed for the = 80MHz full-power bandwidth
most demanding high-speed applications. The wide bandwidth, (20Vpp, 100Q)

fast settling, linear phase, and very low harmonic distortion provide = 200mA output current

the designer with the signal fidelity needed in applications such as o A
driving flash A to Ds. The 80MHz full-power bandwidth and 200mA " 26406 /Se“"lng n t10ns

output current of the CLC103 eliminate the need for power buffers - /US slew rate

in most applications; the CLC103 is an excellent choice for driving = 4ns rise and fall times (20V)

large high-speed signals into coaxial lines. . .
ge fign-sp J Applications

= Coaxial line driving
= DAC current to voltage amplifier

In the design of the CLC103 special care was taken in order to
guarantee that the output settle quickly to within 0.4% of the final
value for use with ultra fast flash A to D converters. This is one of

the most demanding of all op-amp requirements since settling time = FlashAtoD

is affected by the op-amp’s bandwidth, passband gain flatness, and = Baseband andwideo communications
harmonic distortion. This high degree of performance ensures = Radar and IF processors

excellent performance in_many other demanding applications

as well.

Small Signal Pulse Response

The dynamic performanceofthe CLC103 is based on Comlinear’s
proprietary op amp topology. This new design provides jperfor- A
mance far beyond thatavailable from conyentignal op amp'designs; /
unlike conventional op amps where aptimum ‘gaintbandwidth ¥
product occurs at a high.gain;y minimum settling.time 'at.a_gain_of .' | : it
—1, and maximum slew_rate at a gain of +1, the Comlinear design
provides consistent, predictable performance across its entire gain
range. For example, the table below shows how the—3dB band- i
width remains nearly constant over a wide range of gains. And 1
since the amplifier is inherently stable, no external compensation ——t=2
is required. The result is shorter design time and the ability to

accommodate design changes (in gain, for example) without loss 5ns/div
of performance or redesign of compensation circuits.
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The CLC103 is constructed using thin film resistor/bipolar transistor
technology, and is available in two versions: Package Dimensions

0.008 ~0.018
1.275-1.310 (0.20 -0.46)

CLC103Al -25°C to +85°C 24-pin ceramic DIP R ol T;,,;+ r
CLC103AM -55°C to +125°C 24-pin ceramic DIP, |
MIL-STD-883, Level B oo 007 2057

(19.94 -20.70)

(20.07 ‘[20.57)
N METAL Lo: 0145 -0 175 e
2.68-4.45 —|
CERAMIC L|D 0.160 - 0.190
(608 -4.83)
0,050 BSG

Bias PIN NO. 1
GND  *Vec cControl  *Vee o  paresg— k- METAL LID: 0.180 - 0.240

() == = == S (4.57 -8.10)
|'" Yy -: 0:;::?3:5 1 il J CERAMIC LID: 0,195 - 0.255
AP = L
E E (25‘BSC)L @781 -20.07) ?“‘a::ss‘;
Vnon-invor' @ > :
! > (9 Vout .
Viart G- T 1500 | Typical Performance
! L ' gain setting
t
E |,.r 2 | parameter +4 |+20[+40]|—4 |[—20|—40| units
. '
L_ I SR _J —3dB bandwidth 230 (150 {130 {155|145(125| MHz
GND Ve ~Vee rise time (20V) 41 4! 4| 4| 4| 4| ns
. N slew rate 6 6 6 6| 6 6| V/ns
CLC103 Equivalent Circuit Diagram . .
(all undesignated pins are internally unconnected) settling time (0.4%) 10] 10] 12 10] 10] 12 ns
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CLC103 Electrical Characteristics (A, = +20, v . = +15V, R, = 100Q unless specified)

PARAMETERS CONDITIONS TYP MAX & MIN RATINGS! UNITS SYMBOL
Ambient Temperature ? CLC103AM +25°C || —55°C | +25°C | +125°C
Ambient Temperature’ CLC103Al +25°C || —25°C | +25°C | +85°C
FREQUENCY DOMAIN RESPONSE
* —3dB bandwidth Vout <4Vyp 150 >125 >135 >120 MHz SSBW
gain flatness Vour <4Vyp
* peaking 0.1 to 50MHz 0.1 <06 <03 <03 dB GFPL
* peaking >50MHz 0.2 <15 <0.6 <06 dB GFPH
* rolloff at 100MHz — <0.4 <06 <0.8 dB GFR
group delay to 75MHz 3.0 — — — ns GD
linear phase deviation to 75MHz 1 <3 <2 <4 ° LPD
reverse isolation - non-inverting to 150MHz 55 >45 >45 >45 dB RINI
TIME DOMAIN RESPONSE
rise and fall time 5V step 23 <28 <26 <29 ns TRS
20V step 4 <5 <5 <5 ns TRL
settling time to 0.4% 10V step 10 <25 <20 <25 ns TSP
overshoot 5V step 5 <15 <10 <10 % (1)
slew rate (overdriven input) 6 >5 >5 >5 V/ns SR
overload recovery
< 50ns pulse, 200% overdrive 30 — — — ns OR
DISTORTION AND NOISE RESPONSE
* 2nd harmonic distortion 2V;p, 20MHz —48 <—40 <—40 <—40 || dBc HD2
* 3rd harmonic distortion 2Vpp, 20MHz —48 <—40 <—40 <=40 [ dBc HD3
equivalent input noise
noise floor >100kHz —158 <—152| <—152| <—152|| dBm(1Hz) | SNF
integrated noise 1kHz to 100MHz 28 <56 <56 <56 uV INV
noise floor >5MHz —158 <—152 <—152| <—152| dBm(1Hz) | SNF
integrated noise 5MHz to 100MHz 28 <56 <56 <56 ny INV
STATIC, DC PERFORMANCE
*input offset voltage 10 <80 <25 <80 mV VIO
average temperature coefficient 35 <120 <120 <120 uV/°C DVIO
*input bias current non:inverting 10 <40 <30 <40 M IBN
average temperature coefficient 20 <125 <125 <125 nA/°C DIBN
*input bias current inverting 20 <110 <60 <110 pA Bl
average temperature coefficient 250 <500 <500 <500 nA/°C DiBI
* power supply rejection ratio 54 >45 >45 >45 dB PSRR
common mode rejection ratio 38 >30 >30 >30 dB CMRR
* supply current no load 30 <36 <34 <36 mA ICC
MISCELLANEOUS PERFORMANCE
non-inverting input resistance 250 >100 >100 >100 kQ RIN
capacitance 24 <3 <3 <3 pF CIN
output impedance at DC — <0.1 <0.1 <0.1 Q RO
at 100MHz 2, 45 — — - Q, nH Z0
output voltage range no load — >+11 >+11 >+11 \" VO

Min/max ratings are based on product characterization and simulation. Individual parameters are tested as noted. Outgoing quality levels are

determined from tested parameters.

Absolute Maximum Ratings

Output Voltage Limit

20

15

| Vout | max
=
=)
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supply voltage (Vcc)
output current

thermal resistance (0ca)
junction temperature
operating temperature

storage temperature
lead temperature (soldering 10s)

*note 1: Parameters preceded by an *

AM units are tested at — 55°C, +25°C,

+20V
+200mA
see thermal model
+175°C

Al: —25°C to +85°C
AM: —55°C to +125°C
—65°C to +150°C
+300°C

are the final electrical test parameters and are 100% tested.
and +125°C. Al units are tested only at +25°C although their

performance is guaranteed at — 25°C and +85°C as indicated above.

note 2: This rating protects against damage to the input stage caused by saturation of either the input
or output stages. Under transient conditions not exceeding 1us (duty cycle not exceeding 10%,
maximum input voltage may be as large as twice the maximum. V__ should never exceed £5V. (V,, is
the voltage at the non-inverting input, pin 7.)

note 3: This rating protects against exceeding transistor collector-emitter breakdown ratings.

Recommended V., is £15V.



CLC103 Typical Performance Characteristics (A, = +20, Ve = +15V, R_ = 1002; unless specified)

Noise Voltage (nV/ VHz)

Non-Inverting Gain and Phase Inverting Gain and Phase Broadband Inverting and Non-Inverting Gain
] .
L~ AEHE T TINY
> .2 > >
53 —é‘\ 53 Vil
38 AN S8 AN = 5 5 &
29 = 29 _ VR 2 & '
c g \v=+4\ \Q" +2p D A 5 —4p \\\ ) g N non-inverting
® O © O N E
% Q / U (3 Q \ 3 ™
2ol AT O Sof A=14 3 Y
%g = 25\\ A S 88 N \ - inverting
2f v=|+ 7& FS Av|= -0 N k AV
.
AF+4 N N A} =7F40
0 20MHz/div 200MHz 0 20MHz/div 200MHz 0 100MHz/div 1GHz
Large Signal Gain and Phase Relative Bandwidth vs. V¢c Gain vs. Frequency for Various Loads
%'52’ L_gain £ 10 / —
a3 N 2 v N 1k
=8 AN 3 A = +20 N N
™~ c =
c8 hete T ~ \‘ 3 095 ‘o 2v,,p/ 3 100 \)‘
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Vee (V)
Small Signal Pulse Response (Inv, Non-Inv, Large Signal Pulse Response (Inv, Non-Inv Settling Time
g
0.4
| Ay="126 AV TR0 0,
\ / \ T iy o
r ) v I & 102
i e [ 'H s
it . i i c g0
B if g £ 0 -‘,' g , 2Pns/div
~ o 3 a 1 s
> & X A |~
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— X . w —02 SUET
\ 7 \——] - A V
——t=2 = —ZT —-0.3 v
- B —04 - S —
5ns/div 5ns/div Time
2nd and 3rd Harmonic Distortion Intercept 2-Tone 3rd Order Intermod. Intercept CMRR and PSRR
100 | 70
‘ 70
85 — £ 60
o 2nd armor?c\'\2 Q 60 PSRR
+ intergept exceeds N + 50 N
= 70 |—8Bagm belqw T00KHZ - oy L 50
S S 40 g
= 55 b |~ 4 CMBR N
s ~ 7 30 0 ~
8 \,\ 3 ] T I
£ 4o |3rd Harmonjc —— 8 20
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Frequency (Hz) Frequency (MHz) Frequency (Hz)
100 Equivalent Input Noise . : ‘ i L Tease
N
N\ 85°C/W 5°C/W 00°C/W 3200°C/W ca™ 23°C/W in still air without
= AN T T T T a heatsink ‘
@: N\, | Inverting Currgnt #1eop)  Ljtopn)  JLjHCir ) urgteir2) (:nhwl?lala;es:z:m'q)or air tow,
% N\ 15pAVHz ca er.
a \; Ppnp Pnpn pcu i Pc«r 2 Pcir 3 Tambient
510 |
E AN, Pgirt = 10mA [(+Vcc)—Voutl (For positive Vout and Vee, Pxxx is the power in the
O AN Non-nverting Gurrent Pcira = 10mA [Vout — (— Vee)] npn device. For negative Vot and Ve, this power is
2 N | 2.4phNVHZ Pgira = l¢ [(+Vec) —(—Vec)] where | = 10mA at 15V in the pnp device.)
K1 N - Pxxx = lcol [{(£Vee)—Vout —lcol (Rcol +6)] where Rcolis an external resistor (22 ohms recommended)
z I —— lcot = Vout/Rioad or 9mA, whichever is between the xxx collector and t Vec.
Voltage| greater. (Include Ry in Rioad.) T (pnp) = (Ppnp) 85°C/W + (Protat) ca + Tambient,
2.0nV/ViHz similar for Tj (npn)-
1 > 3 i 4 5 6 7 8 Tj {cirt) = (Pcn_n) 200°C/W + (Piotal) 0ca + Tambient.
10 10 10 10 10 10 10 similar for Tj (cir2).
Frequency (Hz)
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Capacitance In uF
i.m

Ry
“"“ﬁ:

Ry 15000 (internal)
g.OI

Figure 1: recommended non-inverting gain circuit

220

+15V in uF

__Arwo 1000
"5
Ry
v Ry

I _L Ry = 15000 (internal)
"7*\5 g'o‘ for Zin =500, select Rg|[R} =500

Figure 2: recommended inverting gain circuit

Test fixture layout artwork is available upon request.

CLC103 Operation

The CLC103 is based on Comlinear’s proprietary op amp topology, a
unique design which uses current feedback instead of the usual
voltage feedback. This design provides dynamic performance far
beyond that previously available, yetitis used basically the same as the
familiar voltage-feedback op amp (see the gain equations above). A
complete discussion of current feedback is given in application note
AN300-1.

Layout Considerations

To obtain optimum performance from any circuit operating at high
frequencies, good PC layout is essential. Fortunately, the stable, well-
behaved response of the CLC103 makes operation at high frequencies
less sensitive to layout than is the case with other wideband op amps,
even though the CLC103 has a much wider bandwidth.

In general, a good layout is one which minimizes the unwanted
coupling of a signal between nodes in a circuit. A continuous ground
plane from the signal input to output on the circuit side of the board is
helpful. Traces should be kept shorata;to minimize inductance. If long
traces are needed, use microstrip. transmission lines which are termi-
nated in their characteristicy mpedance At _some_high-impedance _
nodes, or in sensitive areas such negr pi ) 5 of the LC103, stray
capacitance should be kept.small by kéeping/no mall gnd reh'lov-
ing ground plane directly around|the node.

with 0.1xF capacitors to provide good-high=-frequenc pling=itit
recommended that 1uF or larger tantalum caﬁrrs be provided for=

graphs ofi
Thex£Vee connecﬂonstothe?ﬂ!ﬁ au’e-rMe ally bypa ed tegrou'n | mhﬁv it eggy dict tl

low-frequency decoupling. The 0.01uF capa
and 20 in figures 1 and 2 should be k pt within 0.1" of those pins. A
wide strip of ground plane sh:

_thf;_ampb'rﬁerzlff,—
4 I?ﬁtorhqh an

shown LU

For composite operation in the non-inverting mode, the circuit in fig-
ure 1 should be modified by the addition of the circuit shown in figure 3.
For inverting operation, modify the circuit in figure 2 by the addition of
the circuit in figure 4. Keep all resistors which connect to the CLC103
within 0.2"” of the CLC103 pins. The other side of these resistors should
likewise be as close to U1 as possible. For good overall results, U1
should be similar to the LF356; this gives 5uV/ °C input offset drift and
the crossover frequency occurs at about 2MHz. Since U1 has a
feedback network composed of Ra + Rp and a 15k(} resistor, which is
in parallel with Rg and the internal 1.5k(} feedback resistor of the
CLC103, Rp must be adjusted to match the feedback ratios of the two
networks. This is done by driving the composite amplifier with a 70kHz
square wave large enough to produce a transition from +5V to —5V
at the CLC103 output.and adjusting Ry until the output of U1 is at a
minimum. Ra should be about 9.5Rq for best results; thus, R, should be
adjusted around the value of 0.5R,.

Bias Control

In normal operation, the bias control pin (pin 16) is left unconnected.
However, if control over the bias of the amplifier is desired, the bias
control pin may be driven with a TTL signal; a TTL high level will turn

oijeJ_ ."._Ili- T

1
'

po nfver';'us t’rpq ency on the preceding page
Gstortio at frequency, given the
e oﬂhe CLC103: First; he output voltage Vo to
ms and t! P = (10lo Vims?)) to get the output
ﬁwﬂvrroéh Eq&ncy ‘.l.nto t,.its 2nd harmonic will
be S; = (l2— P)d elow the Ievel of P. Its third harmonic will be
Sz = 2(I3—P)dB bel | of P, vill-the two-tone third order

between the load-resistor ground and these capacitors.

Since the layout of the PC board forms such an important part of the
circuit, much time can be saved if prototype amplifier boards are tested
early in the design stage. Encased/connectorized amplifiers are
available from Comlinear.

Settling Time, Offset, and Drift

After an output transition has occurred, the output settles very rapidly
to the final value and no change occurs for several microseconds.
Thereafter, thermal gradients inside the CLC103 will cause the output
to begin to drift. When this cannot be tolerated, or when the initial offset
voltage and drift is unacceptable, the use of a composite amplifier is
advised.

A composite amplifier can also be referred to as a feed-forward
amplifier. Most feed-forward techniques such as those used in the vast
majority of wideband op amps, involve the use of a wideband AC-
coupled channel in parallel with a low-bandwidth, high-gain DC-
coupled amplifier. For the composite amplifier suggested for use with
the CLC103, the CLC103 replaces the wideband AC-coupled amplifier
and a low-cost monolithic op amp is used to supply high open-loop
gain at low frequencies. Since the CLC103 is strictly DC coupled
throughout, crossover distortion of less than 0.01dB and 1° results.

+Vee

Topin7 10K
of CLCIO3 To pin5
) CLCIO3
To pin 19 I5K Re of
+
of CLCIO3 iy R¢ = I0K-15K|| (Rg+Rp)
a

CROSSOVER $ ~Vee
ADJUST ol
Rp g

Figure 3: non-inverting gain composite amp
to be used with figure 1 circuit
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intermodulation products. These approximations are useful for P<—1dB
compression levels.

Approximate noise figure can be determined for the CLC103 using the
Equivalent Input Noise graph on the preceding page. The following
equation can be used to determine noise figure (F) in dB.

in2 Rg2
2
vn2 + A2

4kTR Af

where v, is the rms noise voltage and i, is the rms noise current.
Beyond the breakpoint of the curves (i.e., where they are flat), broadband
noise figure equals spot noise, so Af should equal one (1) and v, and
in should be read directly off the graph. Below the breakpoint, the noise
must be integrated and Af set to the appropriate bandwidth.

F=10log | 1 +

Application Notes and Assistance

Application notes that address topics such as data conversion, fiber
optics, and general high-frequency circuit design are available from
Comlinear or your Comlinear sales engineer.

Comlinear maintains a staff of highly-qualified applications engineers
to provide technical and design assistance.

To pin7

To pin 19 of CLCIO3

of CLCIO3

Rc = 10K+15K || (Rg+Rp)
~Vee
.0l

in Rp CROSSOVER
ADJUST

Figure 4: inverting gain composite amplifier
to be used with figure 2 circuit
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Fast Settling, Hi9h Current Wideband Op Amps
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Customer Design Applications Support
National Semiconductor is committed to design excellence. For sales, literature and technical support, call the
National Semiconductor Customer Response Group at 1-800-272-9959 or fax 1-800-737-7018.

Life Support Policy
National's products are not authorized for use as critical components in life support devices or systems without the express written approval
of the president of National Semiconductor Corporation. As used herein:

1. Life support devices or systems are devices or systems which, a) are intended for surgical implant into the body, or b) support or
sustain life, and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury to the user.

2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to
cause the failure of the life support device or system, or to affect its safety or effectiveness.
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1111 West Bardin Road Fax: (+49) 0-180-530 85 86 13th Floor, Straight Block Tel: 81-043-299-2309
Arlington, TX 76017 E-mail: europe.support.nsc.com Ocean Centre, 5 Canton Road Fax: 81-043-299-2408

Tel: 1(800) 272-9959 Deutsch Tel: (+49) 0-180-530 85 85 Tsimshatsui, Kowloon

Fax: 1(800) 737-7018 English Tel: (+49) 0-180-532 78 32 Hong Kong

Francais Tel: (+49) 0-180-532 93 58  Tel: (852) 2737-1600
Italiano Tel: (+49) 0-180-534 16 80 Fax: (852) 2736-9960

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said
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