DESIGN ENTRY

ELECTRONIC DESIGN EXCLUSIVE

200-MHz pnp fransistors
spawn fast analog chips

Dennis Monticelli, John Wright, Barry Small, and Bela Geczy
National Semiconductor Corp,, MS C:2500, 2900 Semiconductor Dr., Sanfa Clara, CA 95054, (408) 721.5605.

Imagine for a moment that the industry-standard
CMOS process could produce p-channel Lransistors
operating a1 no wore than | /200 the speed of their
n-channet counterparts, Such a constraint would
limit designers to a-channel circuits inany signal
path where speed was criscial-—even though they
<ould combine n-channek and p-channel (ransistors
elsewhere. Designers of digital systems would still
have their wide range of logic functions, but CMOS
could never have realized its present pobential.
That scenario corre-
sponds loosely Lo a prob-

lem that has Trustrated

op MPW analog designers for

and a wears: While there have
playing boih roles been pleaty of inexpen-
siminate frade-offs sive, speedy bipolar dig-
h speed and power. ital chips, analog de-
T o mref fs a fasf signcrs have had (o wait
A device for something better.

They have setiled for

trade-offs between
speed and common-imoede and output vollage range,
Bipolar vertical npn trangistors spart an [y of 400
MHz and a beta {current gainh of more than 200,
yet lateral pop transistors have no gain above
2 MHz and a beta of only 20 at a collector-current
of 1 mA. So although the basic industey-standard
hipolar process has produced scores of suceessful
analog products, they are not usually noted for their
speed,

Enter the verticalty integrated pop (VIP} pro-
cess, which builds prp transistors with an fr of 200
MHz, [n almosi every respect—beta, breakdown
voltage. and speed—the new transistor is the true
complement ta the apn. The éxtra steps that add the
pnp devices are no more complex than those for
budlding a MiFET (see “Vertical Elegance.™ p. k12),
The transistor’s {7, howewver, is still half that of the
npn for the same ceason that p-channel MOS de-
vices are slower than n-channel devices—the elec-
trons move two to theee times Laster than holes.

The first results of the new process do not merely
provide circuil designers with some elegant solu-
tipns to wideband circuit problems; they also chal-
lenge designers to find new uses for their circuits.
Three op amps are already at hand, the LM6261,
LM6264, and LMG6265; they will soon be joined by
a pair of buffers, the LM6121 and LM61235, and
subsequently by an op amp-buffer, the LM6G113,
Fast and inexpensive, all these devices use little
power, run off a 5-V to £ 15 V sapply, are easy 1o
use, and come in a variety of packages. The buffers;
i addition, are fault-protected,

SPEED REIGNS

A designer chooses 4 high-speed op amp pver a
gencral-purpose unil for jusl one reason: speei,
Unity-gain stable opamps, by far the most popular
today, free the user from worrying about frequency
gompensation, bul are not the fastest way o go.
There are uncompensated or decom pensated de-
vices that deliver more speed than internally con-
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pensated units, although application difficulties hold back
their use: The desigmer has o determine the resistance
and capacitance values for proper external compensition.
Moreover, il a gain of 1 or 2 is required, he must draw
from one family, a gain of 5 or more from a second, and
higher gain from @ thind family. In addition, members of
the thrree families usually bear no physical resemblance to
oe another. Invariably, they sport different pinouts and
package size.

ALL 1N THE FAMILY

I conlrast, each of the three pin-compatible VIF op
amps handles a different range of closed-loop gain. The
LMa26] is stalle down to a noise gain of T and has a
unity-gain bandwidth of 50 MHz The other two are de-
compensated intermally: The LM6264 has 4 gain band-
widih of 150 M#Hz and a ¢losed-loop gain of 5, and the
LM£265 has a gain bandwidth of 700 MHz and a gain of
25, All three nrodels have a conservative phise margin of
45° when running at a worsl-case, or minimum, gain. Adl,
moreover, hive a slew fate of ni less than 250 ¥/ ps and
they typically deliver 300 V/us.

Unlike other decompensated amplifiers, in which ca-
pacitive reduction is used to raise only ac gain, the {hree

VIP op amps use the transconductances boost technigue (©
incredse both de and ac open-loop gains (Fig, 1) In i con-
ventional decompensated op amp, the flat, dc portion of
the response curve remains at the same level as that of the
unity-gain version of the device, while the sloped ac por-
tion extends farther to the right. But with the VIP ap
amips, the specified dg gain increases with the specified
bandwidth and by the same relative amourid,
Why 15 the relutignship between de gain and bandwidth
simportant? The loop gain of a finished Circwit is defined

as the ratio of the op amp's open-loop gain (Ag ) 10 the

entire circuit's closed-loop gain ( & ) al the frequencies
of interest, (In decibels, foop zain equals Any —Acnd
Simply put, the greater the loop gain, the more accurale
the closed-loop gain—wherein lies the seeret of negative
feedback.

EQUAL TO THE TASK

For example, the LM6261 would be equal (0 the taskif
a 1-MHz application calls for a closed-loop gain of 5, At
PHz, the device has an ac open-Toop gain of 50 and an

urloaded de open-loop gain of 5000, The ac and de lop

waing are thus 10 and 1000, respectively { 50 and 50060 di-
vided by 53 The LM6264 might be a better choice, how-

The vertieally integrated pap (VIF)

sibstrate to hold the pnp transistor

gtandard bal relptively uncomemoen
p’ isolation-up diffusion forms bath
the dower portion of the isolation re-
gion and the pnp irinsistor’s pF
buried layer. A conventional epi-
il layer i then added,

Verfical elegance
WNexl comre u conventionul p
process hag @ standard p substeate isolation-down diffusion, ferming rings permiit devices to handle 40 V.
and the usual n* burigd-layer dif-  the upper portion of the isolation re-
fusion of the npn trapsistor, In addi-  gion, andthe p - well, which hecomes  npm and [he pap transistors are inter:
tiom, an n~ well és diffused into the  the pnp transistor's collector. Thep ' slor

buried layer rapidly diffuses up and s formed (irst, followed by thatel

and fsolate it [pom ihe substrate, &  merges with the p well, which is
: diffusimg down. The pnp transistor’s  following a similis sequence. The

material is now completely isolaled  guard rings are formed dirring either
by the epitaxial (ubs from the sub-  of the p diffusions. The process re-

strate and from the mpn teansislor, : .

The p material’s doping levels are  almost complementary electrical

controlled to set the pp transistor’s  characteristics

bregkdawn vallage. The myp&m;& b
Finally, the process steps for the

leaved., Tle base of the php tra

e transister, wﬁhﬂwmimlt% ]

sufts in complementary profiles and
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ever, hecause of its ac loap gain of 36, which shoots up to
3600 far de—a threetold across-the-boacd improvement
just from choosing vhe right amplifier from & simple charl
{Fig. 2). Noise can be the deciding factor in that choice,
Regardless of circuit configuration, noise is computed
from the swme equathon;

In addition, thanks apain to transcanduciance boost,
the cornmon-masle and power-supply rejection ratios io-
erease with the op amp's gain bandwidth. Al the same
time, floise, offsel voltage, and offset drify all show a
decrease—a welcome effect that prevents offsel and noise
ertors from representing an ever-greater part of the ever-
smaller signals feeding the higher-gain circuits.

FSEENTIAL DESYGH

Besides their pnp transistors, the op amps depend on
e good design essential for high-gain, high-speed analog
grcuits. In the first place, the circuit has only one in-
werting stage: @ differential amnplifier that sets the trans-
enductance boost with 2 pair of resistors. The resistors
are placed in series wilh the 1wo differentizl-stage inpul
emitters: The transconductance of the differential stage,
divided by the compensation capacitance, gives the ampli-
- Ger's gain bandsvidih; The smaller the two resistors, the
greater the gain bandwidth,

The differential amphifier, in turn, drives a folded-
seode circwit formed By a pair of VIP transiswors, which
the opamp's only stage with voltage gain. Another vIP
transistor leads to a high-speed complementary output.
The stray capagilance acts as the internal compensation
an be considerad 45 2 lumped capacitor, sitting at the
Jumction of the pair of diodes that bias the output stage
und the negative supply.

Circuit design and the VIP process combine in other
5 to help make these op amps easy to use. Other am-
fiers need very low impedances on their supply rails to
sin seahle, and frequent encountess with those parts
d turn @ designer into 2 spegcialist in lead dressing and
pawer-supply bypassing, Bui because the internal circuils
wlthe VIP op amps are free of the quirks that plague otber
tinds, supply bypassing is no more complicated here than
the ubiguitous 741: Simply put & 0.01- to 0.1-pF
aeitor reasonably near each supply pin.

G CAPACITIVE LOADS

of all, driving a capacitive load presents no prob-
Whereas ather op amps show little tolerance for the
il capacitance that leads to oscillation, the new
5 widl not, oscillate, just slow down, evert with an in-
lirge capacitance an the oatput—for example
. Furthermore, this tolerance means that applica-
iith widely varying capacitance do nol nead extra

stahility built in,

But what sbout power consumiption? While many fast
op amps rufl too hot to touch, even on & breadbaard, the
VIF models draw 5 maA from a & 15-Y supply, even when
slewing a1 300 V/ps and offering gan bandwidths to
700 M z—a speed-power product no other op drap dan
touch. The low power and small size mean that they can
he put in small-outline packages, whose correspondingly
small-scale wiring alse improves speed by cutting down
parasitic gurrents. In addition, because of the Jow power
drain, & simgle charge-pump circuit can provide @ — 5.V
rail from a single + 5-V supply,

(iven their need fos power and speed, bufTer am;ﬂ:f’ legs

e

I-:

200

1, ©p amps bullt wilh the new YIP process increase
in both ac and de open-loop gdins as thelr uum-i
pandwidth increases with decompansation. Bode

plots of thase with the grealer gdin bandwlidths foll
poth te thea righl and ve those with lawer gain.
Salecting Ihe right op amp fos the job helps keep
loop gain constant with frequency, regardiess of ine
required closad-loop circult gain.

2. Thie mosl suitable op amp fof a particular appli-
cafion can bé found by calcvlaling the nakse gain
of the circuif and the op amp whose opil-
mum ared lies above that nolse gain.
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bemelit everr more from the YIP progess than do the
straight op amps. In most systems, deating with fasl sig-
miks on @ pe board is gne thing: Sooner or later the signals
fhavve 10 coime of ¥ the boand, nd that takes cable drivers,
also Known as buffers. Because cabies are handled fre-
guentiy—and frequently mishandled—they often de-
velop shorts or opens, calting for some form of protection
for the cable driver. Devices offering even tminimum pro-
tection are few and far between; indeed, the industry-
stamdard LHOOO2 bulfer offers none at alf.

Buffers now available can present other problems,
There are, for example, no guaranteed specifications for
driving o 50-1 load, a frequently encountercd stiuation.
Many butfers petform poorly when runmaing froma +5-¥
rail. A shotdown mode would be usefal for battery oper-
ation, bt no curreat bufler has that feature. To Lop it off,
standard buffers cost theee to ten times moee than the
VIP kind. All inall, the VIP process might fave been de-
vised with hulfers particedarly in mind, since they require
& blazingly fast, clags AB output stage-—something not
easily built without fast complerienlary transistors.

MOREOVER, OLD STANDBY

The LM6121 15 @ general-purpose fuffer meant 10 re-
place the LHOG02 ta form ard function. Bul uniike thein-
dustry standard, the LMg121 has both current-liriting
and thermal-shutdown circuitry. The other sew bulfer,
the LAA125, has similar specilications, bug adds external
shutdewn and an error Oag, Botl new buffers can deive
+ 10V into # 50-01 toad whife slewing at 400 ¥/ us,
engugh current to ease the driving of capacitive loads,

Price and avaiability

Among models currently or sgon to be available
are cammercialgrade versions of the op Gmps,
oll costing 51.95 each In gquantifies of 100, A
commercidi-grade version of he LMa221 buffer

goes for $2.95 and of the LAMGA25 burler far $3.95 |
each, aso in lofs of 100: Samples of the LM&1 131 op
amp-butfer wil olso arive shorfly, with prodcticn
quoniities due in early 1987, CIRCLE 504

Running from = 3-Y rails, the buffers cazily drive §
N pl-pk, 10-MHz video signat into 5002 with onfy
| % tetad harmenic Qistortion. Moreover, their protectson
fentares ensure that the buifers can take almast any
amcreent of mishandling without damage.

Hoth buffers have & maximus output current of 300
mA and can operate at up W 1607 C, Corrent limiling
tikes place on the first cyele and relies on peak clipping
rather than foldback to drive reactive doads, The internal
thermat fimit hus 157 C of kysteresis, ensuring that (e
chip will cool to 1 30°C hefore the signal path i restored
The LM6121 protects (iself withowe! any oudward indis
cations, but the LM6123 reports any “transgressions” iy
means of an epen-collectar output, or Nag, Host Groiny
cam this deteer o fault and shut the chip down (Fig ),

in taking this warning action, the LA$A] 25 buffer uns
srgnal into s 50-9 fogd an time L, when Eﬁaﬁd&"ﬁ 15 hkgh,
At time t;, the switch closes; shorting the cutpul 18
ground; the output goes inte current Bmiting end the Br
ror flag goes low. At time t,, the shor! is removed and i

+5Y
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3. The LM6125 bulfer has good self-protection leatures. Here, af fime |, it handies o & V pk-pk

signal white driving a 50-11 toad. Al ty, its output is shorted by @ switch (second frace); the oulpul
current is limited, and the Error flag goes tew (third face). The short is removed at 1, end alty
iha cutput s sfrul dewn by bringing the Shutdowit pin low (faurth frace).




E OR ENGIMEERS AND ENGIMEERING MAMAGERS WORLDWIDE

A HAYDEM PUBLICATIC

Designing software DESIGN

with images
instead of text

Graphics support chips
brighten design picture

12-bit IC DACs
seftle in 35 ns

“artlcal pnp transistors
pave the way
__for fast analog ICs




