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L - TECHNOLOGY . wideband RMS-DC Converter

~ Building Block
FEATURES - DESCRIPTION
= 300MHz 3dB Bandwidth - The LT1088 is a thermally based RMS-DC converter build-
® 1% Accuracy DC-50MHz ing block. It converts the input waveform to heat. Using ex-
® 2% to 100MHz ternal circuitry, the thermal signal is expressed as a DC
= Bandwidth Flat Over Input Voltage Range _ outputvoltage. -

w 50:1 Crest Factor . , L _
= 20:1 Dynamic Range ' LTC’s proprietary thermal packaging process permits

m 35V Peak Input accurate thermal signal processing in a standard IC pgck-
= Thermally Based Operation age. The thermal method provides far greater bandwu.ith
®» Fully Specified Thermal and Electrical Parameters than RMS converters based.on_logaflthmic cgmputing
» Standard IC Packages techniques. The LT1088's high voltage breakdown allows
= Resistive Inputs crest factor measurements of 50:1 and operation over a
20:1 input dynamic range. Resistive inputs of 502 or 2500
accommodate drive from a wide variety of sources.

APPLICATIONS

= Wideband RMS Voltmeters e
= RF Leveling Loops ' | ‘

= Wideband AGC .

® High Crest Factor Measurements

= SCR Power Monitoring

Simplified RMS-DC Converte: | | | ”Accurai:y vs Frequenéy (509 Input)
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LT1088

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION

Voltageon AnyPin..........ccoevvvnnnnn. V- +40Vto V- TOP VIEW
Voltage from Channel Ato ChannelB................ 100V na ~ - ORDER PART
Reverse Diode VOItage. ..............c.evvvvvnnnnnn. a5y | M@ NUMBER
Forward Diode Current ............ccevvvvneennnns 15MA | ayse[e e, 13 paur-
Input PoWer (25°C). ......evnereeieinieiinnen, 0.375W “*{
Peak Input Power (30S€6) ........vveerrrereene, 0435W | AwzmlE T 2 fosre | LT1088CD
Derate Power at - 3mW/°C above 25°C Ne[d] 1088 TN LT1083CN
Maximum Die Temperature................ erenens 150°C " osen
Peak Die Temperature (30 sec)................. ....175°C Bour* [ 0] B 2500
Functional Temperature Range.......... -55°Ct0 125°C }\._ 0l
Operating Temperature Range............. - 40°Ct085°C Bour~[E eGP
Lead Temperature (Soldering, 10sec).............. 300°C v-[7] 3] 8, COM
' N D PACKAGE N PACKAGE
14-LEAD SIDEBRAZED CERAMIC DI 14-LEAD PLASTIC DIP
GLECTB|CH|. CHHBHCTG HISTICS Ta=25°C, unless otherwise noted (See Note 1)
PARAMETER | CONDITIONS ] MN_TYP MAX |  UNMS
Input Heaters
500 Input 40 50 60 2
2500 Input 200 250 300 2
500 Temperature Coefficient ® 2000 ppm/°C
2500 Temperature Coefficient ® 2000 ppm/°C
_ 500 Temperature Coefficlent Match Input Ato Input B ® 30 500 ppm
2500 Temperature Coefficient Match Input AtoInput B ® 30 500 ppm
Resistance Matching 500 Inputs 2 10 %
2500 Inputs 2 10 %
2500 to 500 Ratio Match -15 0 5 %
2500 to 500 Ratio Match . 50 ppm/i°C
Temperature Coefficient
Output Diodes
Forward Voltage 1=5mA 0.6 0.7 08 v
Forward Voltage Match Out AtoOut B;1=5mA ® 5 mv
Voltage Temperature Coefficient f=5mA o| -16 -1.75 -19 mVv/°C
Thermal Characteristics
Thermal Resistance Either Die to Ambient LT1088CD ] 200 300 400 °Cciw
LT1088CN ® 140 210 280 °CIW
Thermal Matching Channel A to Channel B ® 30 °CIW
Thermal Cross Tatk Channel A to Channel B LT1088CD ° 2500 °Ciw
LT1088CN ® 1750 °CW

The @ denotes specifications which apply over full operating temperature range.
Note 1: Ail electrical testing conducted at 25°C.
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. LT1088

TYPICAL PERFORMANCE CHRRACTERISTICS -

Figure 4’s Response vs , Figure 4’s Response vs Accuracy vs Frequency for
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LT1088

APPLICATIONS INFORMATION

Pin Functions
Ay 500, By 500, Ay 2500, By 2500 (Pins 2, 9, 3, 10):
Heater input pins. Input and servo amplifier are connected

to these pins. Since the LT1088 is symmetrical, either -

channel A or B may be used as the input. For higher input
impedance, the 500 and 2502 heaters may be series con-
nected. No heater pin may be below V- or more than 40V
above V-. Maximum heater dissipation must not exceed
the absolute maximum ratings.

Ay COM, By COM (Pins 1, 8): Common point for the 502
and 2500 input heaters, usually tied to ground.

Agutt, Bour* (Pins 12, 5): High side of the temperature
sensing diodes. Normally they are driven at 5mA from the
positive supply. No diode pin may be below V= or more
than 40V above V-.

Aoutr™, Bour~ (Pins 13, 6): Low side of the temperature

sensing diodes. These pins are normally tied to ground.
No diode pin may be below V~ or more than 40V above

V-,
V- (Pins 7, 14): These pins must be the most negative po-
tential of the circuit, usually tied to ground.

Parasitic Diodes

As with all bipolar ICs the LT1088 contains parasitic
diodes which must not be forward biased. The parasitic
diodes, marked with asterisks, appear in Figure 1. The

Aw CoM 1]
Aw 500 [2] ‘
Aw 2500 3] S0
ne 2]
BouT+E
Bour~ €]
i

*DENOTES PARASTIC DIODE,
SEE APPLICATIONS INFORMATION

Figure 1

dashed lines indicate that all points of the heaters are
parasitically diode connected to V-, '

Thermal Considerations

Because the LT1088's operation depends on thermal
symmetry, it is sensitive to external temperature
gradients. This is particularly the case for small inputs,
which cause the device to run very close to ambient tem-
perature. The device should be mounted in an area which
is isothermal and free of drafts. Power generating compo-
nents should be kept away from the LT1088 and particular
caution taken in fan cooled equipment.-Under normal
conditions no thermal baffle or enclosure is required. Un-
der no circumstances should a heat sink be used.

Heater Protection

Most LT1088 failures will be caused by excessive heater
drive. Input power (25°C) is specified at 375mW with 30
second excursions to 435mW permitted. These figures are
derated by —-3mW/°C above 25°C. Figure 2 plots safe
operating limits for input duty cycle vs input voltage. Ac-
cidental heater overdrives can damage or destroy the
LT1088. In situations where overdrive may occur, some
form of heater protection should be employed. Suggested
circuits appear in the applications section.
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Figure 2. Safe Operating Limits
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LT1088

APPLICATIONSINFORMATION

Filtering

The LT1088's thermal time constant provides effective low
pass filtering. Low frequency cut-off is set by servo loop

time constants. For the 3300pF value given in the basic

RMS-DC application, the circuit begins to follow the input
below about 50Hz. Normally, this is not a problem, be-
cause the LT1088’s primary application will be at high
frequency Lower frequency operation is obtainable by in-
creasing the 3300pF value, although settling time will in-

crease proportionally. :

Crest Factor

Crest factor is defined as the ratio of peak input voltage to
RMS value. Crest factor performance is set by IC break-
down limits and the usable low input power range. Break-
down limits are a function of processing. The usable low
input power range is a basic signal-to-noise conflict. Low
input power produces small amounts of signal. This
makes accurate, stable discrimination between desired in-
puts and ambient thermal phenomena uncertain and
noisy. These constraints set crest factor at 50:1 for the 500
input and 40:1 for the 2500 input.

Layout

At frequehcies above 10MHz, input connections require
care. Parasitic inductance builds quickly in wire runs, so

71088
COPPER SHIELD

the LT1088's input heater lead should be directly con-
nected to the source to be measured. It is also wise to
shield the input line from the rest of the circuit. The heater
common should be returned directly to a ground plane. An
additional precaution is to mount the 0.014F bypass
capacitors right at the LT1088 package. These units mini-
mize the effects of RF pick-up by the temperature sensing
diodes.

Accuracy

Amplitude measurement at high frequency to significant
accuracy is difficult because of parasitic effects. At fre-
quencies much above 5MHz, small parasitic capacitive
and inductive terms become important. The accuracy fig-
ures quoted for the applications circuits were taken
against certified standards utilizing direct and transfer
techniques. Thermal transfer standards (Fluke Model
540B with A-55 converters) certified to 50MHz were used
as references. The data above 50MHz was also taken with
these references, although the individual units used had
not been certified at these frequencies. The accuracy of
units of this type which have been certified is normally in-

- side the tolerances listed, so there is good probability the

data is valid.

INPUT PIN SOLDERED

DIRECTLY TO CONNECTOR

INPUT CABLE
AND CONNECTOR

(X-RAY vmv)\r_

LT1088

INPUT / A ARIURA AL URRARRURRNRANY
BNC CONNECTOR

(SHOWN IN X-RAY VIEW)

CIRCUIT BOARD

WITH COMPONENTS

Figure 3. Typical Evaluation Layout
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L71088

APPLICATIONS INFORMATION

0.0224F
L5Me K"
AAA
3300pF | 1,_.
15V 4#——_| ‘—4'
ZERO TRIM l 9.00M* g
(TRIM AT 10%  p=AAA 15V A
oF FuLL-ScALE) § 5000 |
Q2w Jame
< < 1
4"""
. ‘ T 2219
L 4 LA A4
0.01 'Lo.m F
"FI' T LT1004-
—_ - s 1.2V

- 2500 -

10k

FULL-SCALE ::
TRIM §
= I--
= “1% METAL FILM ' 3o
**THESE COMPONENTS IMPROVE SETTLING TIME AND MAY BE DELETED. IF THIS IS DONE, —
SHORT THE 2N2219 EMITTER TO POINT “‘A™". =
Figure 4. Basic RMS-DC Converter

Figure 4’s Typical Specifications

Accuracy: Crest Factor:

500 Input S50QInput .. 50:1
DCtoSOMHzZ ... 1%FS] 250QInput .o 40:1
DCto100MHz ... 2% FS|3dBBandwidth...............cooiviiiiniinas 300MH

2509 Input Full-Scale Settling Time (1%) ........... 500ms (LT1088CD)
DCto20MHZ ..o 1%FS) 710ms {LT1088CN)

Temperature Effect on Accuracy.............. 100ppm/°C | Input Voltage Range (25°C)
Dynamic Range.......... 20:1(LT1088CD)/14:1 (LT1088CN) |  50Q1Input......ovvviieiiiiiiii i 4.25V
25000nput ... 9.5V
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LT1088

APPLICATIONS -

Fast Settling RMS-DC Converter
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(TRIM AT 10%  —aKA Al
oF FuLL-scae) ['soon |
g 32 EUELSED 4 $
1k vy, 8
AAA - la <
At
* 1%UT1013 010
At ¢ » 1N914
0.01F T ‘LI.o.muF I 1N914
= Y
10k §
FULL-SCALES
TRIM y
ouT
10k*
10k*
*1% METAL FILM =

e e
"% INFAD S



LT1088
APPLICATIONS - :
Servo-Sensed Heater Protection Circuit (~50ms Response)

15V
INPUT
TO RMS
CIRCUIT OUTPUT TO HEATER

15V

SET AT 10%
ABOVE MAXIMUM
EXPECTED LT1088
CIRCUIT OUTPUT

RELAY =C. P. CLARE #HGWM51111P00

Diode Sensed Heater Protection Circuit (~15ms Response)

15V 15V

TO INPUT DIODE

OF LT1088
RELAY =CLARE

#HGWMS51111P00

15V

SET AT LT1088 INPUT
DIODE VOLTAGE AT
MAXIMUM ALLOWABLE
DIE TEMPERATURE

15V

INPUT
PNP =2N3906
NPN =2N3904 500
FET =U440 (SELECT FOR
MINIMUM Vgg)

15V
/ T0 HEATER
R CONNECTIONS
1N914 A

—15v
e
51 INE=ADR

a N



LT1088

APPLICATIONS

LT1010 Buffert

1N4148

p—QUTPUT

INPUT—— r10 o > VW
a70

200

1See Summary of Buffer Characteristics table for buffer speed.




LT1088

APPLICATIONS

Wideband Discrete Buffer with Gain = 101

Epg CONTROL

INPUT g

100Q

1000

PNP =2N3806
NPN =2N3804
* 10pF TRIMMER

(SEE TEXT)

_LO.
I

1

P Y
-
|||J-

AA
v

{7

x

15v
1 1 ]
200 _|_2700pF::209 312
>
33k
4 o
1000
o1 3q
AroQ
: !
—15v s10
15V
- 30
)
Joon
ato
>
< 3k
1’
200 2700pF <
[ 1 ADJUST
s SET AT
0.05 SET A
—~15v , —"l I_—‘ "“b‘Qj
ok L
L
0K
Al
®LT1013 138
*SELECT FOR At * 1
OUTPUT ~0V WITH \
2K TRIM CENTERED AND lgCONTROL ~ £1.2
INPUT GROUNDED.
**SELECT FOR A2 =
QUTPUT =0V AND
INPUT GROUNDED.

T See Summary of Buffer Characteristics table for buffer speed.
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LT1088

'APPLICATIONS

Summary of Buffer Characteristics

1% Error Bandwidth

2500 Load 500 Load
Type of Buffer Slew Rate (£ 10Woyy) {£5Vou1)

Discrete—A=10 3000Vius 25MHz 32MHz

LT1010 Based—A =10 100Viss 0.75MHz 2MHz

Discrete—A=1 2000Viks 15MHz 25MH:z

LT1010 Based—A=1 100Vius 0.75MHz 2MHz

RF Leveling Loop
MULTIPLIER RF AMPLIFIER
CONTROL ' s

HF COMP
CH1 CH1

14

INPUT ouTPUT
R AD539 oy 1NO14
INPUT _| BASE
19““2 COMMON 12
0.6—1.3 " aus CHZ CH? = 3300
INeUT oureuT 4 cl)fsvrsufrn
COMMON = Wans

—_—2

g

£

g
l"j- N

>
S 10M

= <
A2
I 1T1012 *®
] 0.002 ~ vy
. 1

1
RMS-DC CONVERTER 0=
100k
A"'AT
1k
15V

< LT1034

> S 10k
AMPLITUDE * 4 v

ADJUST |
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LT1088

—

PHCHHGE DGSCB'PT'O“ DimenSions in inches‘(millimeters) unless otherwise noted.

)

D Package
14-Lead Sidebrazed Ceramic DIP
_ 0.760
~ {19.30)
MAX
0.485
(12.32)
. MAX .
(4] 1[%3] [12] [i] [o] [o]ifs]
o.sza )
(7.569) piN NO. 1
Mi*x IDENT
L
O T2 T3] L4 sl [s] 2
0.165
@19y .0.020-0.040
MAX (0.508 — 1.524)
I l h ‘ A | | }
' Y
A . *
_ ¥y
—o)e 20080015 0.050 +0.010 0.054
(0.203—0.381) 0.125 1.270:0.254) {1.372) -
B.175) Tvp
0.300 MIN 0.100:+0.010 0.015-0.023
{7.620) {2.540+0.254) {0.381-0.584)
REF . . D14188
N Package
14-Lead Plastic DIP
- 0.770 .
B (19.558) o
MAX o
y [a] [ [12] [i7] [ie] [o] [e]
0.250 +:0.010 ‘
{6.350£0.254)
L L20 [e] Lef s [ef [
0.300 —0.320 . 0.045—0.065 0.065
7.620-8.128 o | ™ [Tomoiey 08
: 0125 (0.508) v
@175 MIN  0.130+0.005 |- ] ¥
MIN ‘ (3.302+0.127) :

1 I

0.009-0.015
(0.229-0.381)

~j-1

+0.025
0.325 _ 0.015

6255 25 31)

0.075.4£0.015 |
{1.905+0.381)

‘ __] I__ 0.018.+0.003

(0.457 +0.076)

0.100+:0.010

. (2.540=0.254)

N14188
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