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LTZ1000/LTZ1000A
ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION

(Note 1)
Heater to Substrate ... e R e et e W BOTTOM VIEW
Collector Emitter Breakdown O‘I (R £:11)
Collector Emitter Breakdown 02 .30V
Emitter Base Reverse Bias .o.ocvvveenne A
Operating Temperature Hange..... ~55°C < T,q < 125°C
Storage Temperature Range............—65°C < Ty < 150°C
Substrate Forward Bias......ccovevvvvveiiivveevennnn 0.1V
HE Pﬁ:CKAGE
TO-5 METAL GAN
Ty =80°C, 85 = 400G
PIN FUNCTIONS

Pin 1: Heater Positive. Must have a higher positive value  Pin 5: Temperature Compensating Transistor Collector.

than Pin 2 and Pin 4. Pin 6: Temperature Sensing Transistor Base. If the base
Pin 2: Heater Negative. Must have a higher positive value  emitter junction is zenered (about 7V) the transistor will
than Pin 4. Must have equal or lower potential than Pin 1. suffer permanent beta degradation.

Pin 3: Zener Positive. Must have a higher positive value  Pin 7: Emitter of Sensing and Compensating Transistors.
than Pin 4.

Pin 4: Substrate and Zener Negative. Must have a higher
positive value than Pin 7. If Q1 is zenered (about 7V) a
permanent degradation in beta will result.

Pin 8: Collector of Sensing Transistor.

Pin 1: Heater Positive. Must have a higher positive value than Pin 2 and Pin 4.

S - REAERIEARRY. @S T3IH 2 F051R 4 RYBJE.

Pin 2: Heater Negative. Must have a higher positive value than Pin 4. Must have equal or lower

potential than Pin 1.
Sl 2 . InAEERIGAR. WUEESIRE 4 MEBES, SOt 1 MBS ERBE.

Pin 3: Zener Positive. Must have a higher positive value than Pin 4.

SIBI3 : STNELEMR. wiimT5IM 4 RBRE.

Pin 4: Substrate and Zener Negative. Must have a higher positive value than Pin 7. If Q1 is
zenered (about 7V) a permanent degradation in beta will result.

S5IH 4 . FRFFNERNGR. LASTIIMTHBE . RO ZFNEFR (A7 V) BHISkATEKE
Zv‘.%ﬂ&hﬂ% BEIBAREN (B)

Pin 5: Temperature Compensating Transistor Collector.

SRS : RAMRAERIERRER.

Pin 6: Temperature Sensing Transistor Base. |f the base emitter junction is zenered (about 7V)
the transistor will suffer permanent beta degradation.

SR 6 - MBERAEER. MRIZEBLEWFHETR (A7 V) BIREFKATERIL L ERIE I BIFRBKRE
h (B



Pin 7: Emitter of Sensing and Compensating Transistors

SR 7 - MEFURN R AE B L SR

Pin 8: Collector of Sensing Transistor.

SR8 - MIRRAKELER.

==APPL ICATIONS INFORMATION [z F{Z B =

LTZ1000 and LTZ1000A are capable of providing ultimate voltage reference performance.
LTZ1000 %0 LTZ1000A REfR AL SHERIERE.
Temperature drifts of better than 0.03ppm/° C and long—term stability on the order of 1uV per
month can be achieved
Noise of about 0. 15ppm can also be obtained. This performance is at the expense of circuit
complexity,
BIRMH T 0. 03ppm/° CFIKHRTIZEME 1 0 V/A, IRFEZ 0. 15ppm. XLLIEHRZ IR IS & 2400 R ESELISHY .
since external influences can easily cause output voltage shifts of more than 1ppm.
BT SMBEIRZ MM AT LAR & 55 15 Ui BB R B9 LB Tppm
Thermocouple effects are one of the worst problems and can give apparent drifts of many ppm/° C
as well as cause low frequency noise.
BB YNEREMENCBZ—, ERBEHUEBRIRINERS .
The kovar input leads of the T0-5 package form thermocouples when connected to copper PC boards
These thermocouples generate outputs of 35 u V/° C. It is mandatory to keep the zener and
transistor leads at the same temperature,
otherwise 1ppm to 5ppm shifts in the output voltage can easily be expected from these
thermocouples.

B T0-5 HERMBRMES SIS RRRIEEFEMARRHNE LR 35 uV/° C. MIESTHEMRBIKRES| RMREFE
Hhm};v BN <& B E 1-5ppm BZEF .
Air currents blowing across the leads can also cause small temperature variations, especially
since the package is heated.
SRRRISIHTASSERELENTH, LHEEREFEHMMARD
This will look like 1ppm to S5ppm of low frequency noise occurring over a several minute period.
XEEFRHMEG 1-5ppm BURITERS, BEAA LS.

For best results, the device should be located in an enclosed area and well shielded from air

currents.
ARERENR, KENMEHASENRN, FHHITHRER.

Certainly, any temperature gradient externally generated, say from a power supply, should not
appear across the critical circuitry.

A, EASMERRE T L anfit e, A XHEAEE.

The leads to the transistor and zener should be connected to equal size PC traces to equalize
the heat loss and maintain them at similar temperatures.

mR IR EFNTTINE Y E e Ny 5 FA B B B9 2 38 Sk & A R R AR FFHEIE BTRE .

The bottom portion of the PC board should be shielded against air currents as well.
HERIRAI R EBAL ek, BILESR.

Resistors, as well as having resistance temperature coefficients, can generate thermocouple
effects. Some types of resistors can generate hundreds of microvolts of thermocouple voltage.
BEUERERE, ATUSEREDYE . FEXRWEES~E /LA MAAERE.

These thermocouple effects in the resistor can also interfere with the output voltage.



BEABRIE MR IEEERE.

Wire wound resistors usually have the lowest thermocouple voltage, while tin oxide type
resistors have very high thermocouple voltage.

Film resistors, especially Vishay precision film resistors, can have low thermocouple voltage.
ZormlBRERRRNARHY, MHBEUYEBERERSHANEHNY. FREME, LHEZ Vishay (Biit) B
R EIR B AR MA KA AR,

Ordinary breadboarding techniques are not good enough to give stable output voltage with the
LTZ1000 family devices

BRI IR AR AR RERELL LTZ1000 RIRIRIFHIZ IS ERI M BIE .

For breadboarding, it is suggested that a small printed circuit board be made up using the
reference, the amplifier and wire wound resistors

M FRIIR A E, BILTE—NDEDRI BRI E . MRS FI%semE.

Care must be taken to ensure that heater current does not flow through the same ground lead as
the negative side of the reference (emitter of Q1).

DIRR N AR B BIR A R B R SR (Q1 25T Btz

Current changes in the heater could add to, or subtract from, the reference voltage causing
errors with temperature.

HRETLR, MASFERAEMIR LS SHEEBENT.

Single point grounding using low resistance wiring is suggested.

BWE AR gk B S

Setting Control Temperature

IR

The emitter—base voltage of the control transistor sets the stabilization temperature for the
LTZ1000.

IRITRINERY EB 5 RE ) LTZ1000 RETIERE -

With the values given in the applications, temperature is normally 60° C. This provides 15° C
of margin above a maximum ambient of 45° C,

for example.

fian, MAFIREBEIRA 60° C. HINZRESIE 45" CR{AARMT 15° CHEEER.

Production variations in emitter—base voltage will typically cause about +10° C variation

Since the emitter—-base voltage changes about 2mV/° C and is very predictable, other temperatures
are easily set.

EB LB [EEHMEIIZMT L, BARMSHT10 ° CHITE.

EB G HBEMTERA 20v/° CRIEFEMEN, HARAERERTERE.

Because higher temperatures accelerate aging and decrease long—term stability, the lowest
temperature consistent with the operating environment should be used.
EARSHRESMEZ LB OKIPIREY, HXASRERESENRIKEE.

The LTZ1000A should be set about 10° C higher than the LTZ1000. This is because normal operating
power dissipation in the LTZ1000A causes a temperature rise of about 10° C.

LTZ1000A [7i% % Lk LTZ1000 /549 10° C, XRZE K LTZ1000A 7£IE & FEHIAT Lk LTZ1000 HERREES 10° C.

Of course both types of devices should be insulated from ambient. Several minutes of warm—up is
usual.

YA, XAMERNEEHESINERS, EAMERITLO MM,

For applications not requiring the extreme precision or the low noise of the LTZ1000, Linear

Technology makes a broad |ine of voltage references



Devices |ike the LT1021 can provide drifts as low as 2ppm/° G and devices such as the LM399A can
provide drifts of 1ppm/° C.

MRMBEEKRAS, FAFARME—RIIMBEERE. G1LT1021 ATLUHRMIREFZIR 2p0m/° C; LM399A AJ LALR
HIZFHY 1ppm/° C

Only applications requiring the very low noise or low drift with time of the LTZ1000 should use
this device.

REERIEBREESURZ LEIERA LR LTZ1000 284

See Application Notes AN-82 and AN-86 for further information. Consult the Linear Technology

Applications department for additional help.
BRENEER DU iE AR AN-82 F0 AN-86.  BXZR4FA R RIN A ERIT3RENAY 5 & £5A.
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“PROVIDES TC COMPENSETION, DELETE FOR LTZ1000&
APPROEIMATE CHANGE IN REFERENCE WOLTAZE FOR & 100ppm (0.01%) CHAKGE IN RESISTOR WALLIES:

AREY My
[=1] [al 1} PI% 1ppm
[=k] T 0.23ppm
Ra ki O.Zppm
R4S RATIO AR = 0L % 1ppm
E¥ITH &1 ARD A2 CONTRIBUTE LESS THAM 2 OF GUTPUT CAIFT OW'ER & S0°C AANGE D

R*: PROVIDE TEMPERATURE COMPENSATION, DELETE FOR LTZ1000A
R¥: IBELRE*ME, XFLTZ1000A 2 AH.

APPROX IMATE CHANGE IN REFERENCE VOLTAGE FOR A 100ppm CHANGE IN RESISTOR VALUES:
L i PARL AT 100ppm B, FofE B EILIAT L E:

BOTH A1 AND A2 CONTRIBUTE LESS THAN 21V OF OUTPUT DRIFT OVER A 50° C RANGE
7£50° CHURESEEA, A1 F0A2 BERAVMHZERNF 2 vV,
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CATIONS INFORMATION

104 and LTZ1 000A are capable of providing utimate

o relerenceparformance, Tamperalurediiits of batler

than 0.02pom™C and longAerm stability oi the arder ol

1 per menth can be achieved. Noise of about 0.15ppm

canalzo be obtained. This perdormance is ot the expense

of circwit complexity, since external influences can easdy
cause ouiput voltags shifts of more than 1 pp.

Tharmecouple effacls are ora of the worst problams and
can giva apparan! drifts of many ppm/~G as wall as causa
lewe Irequency naisa, The kovar mpat leads of the TS
package farm thermacouples when connected to copper
FC boards. These thermocouples generate outputs of
S5PVEE. Itis mandatory to keap the 2ener and transistor
leads af the same temperalure, othenwize 1ppm fo Sppm
shifts in the owput volage can easily be eoqpected from
fhese thermacoples,

Arcurrants blowing-across the leads can also cause small
termperature variztions, espacially since the packags s
heated. This will lock ike 1ppm to Sppmof low frequency
noise poourring over a several minute period. Far best
results. the desice should be located in an enclozed area
and wall shiekled from air curmants,

Cartalnly, any lemperature gradien extarnally genarated,
say Tram a power supply, should not appear across the
critical circuitry. The keads to the transister and 2ener

should be connected to equal siza PC lraces to agualize
tha heat loss and maintain tham at similar tamparatires.
Tha boltem portion al Be PC board should be shiskfad
against air currents as well

Res=tars, a5 wall as having resistance temperature coef-
ficents, can generade thermocouple effects. Some hpesof
resklors can generate hundreds of microvolts of thesmo-
couplavoliage. These thamocouple effectsin the resistor
can alzo interfare with the cutput voitage. Wire wound
resistors usually have the lowest thermocouple voltage,
while tin odde tepa resistors have very high thermocoupla
vottage. Film resistors, especialy Vishay precision film
resislors, can have fow fhermoroupls voltage,

Ordinary breadboarding techniques are not good enough
W give stable outpul voltage with the LTZ1000 famiky
devicez. For breadboarding, it 15 suggested that a smali
printed circult board be made up vsing the reference, the
amplifier and wire wound resistors, Caremust be takanfa
ensura that heater currenidoes not flow through the same
ground lead a5 the nagatese side of the reference {emitter
of 01). Current changes in the heater could add ta, or
subtract from, e refesence volkage causing emors with
temperature. Single polnt grounding using low reslstance
wiring is suggasted,
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LTZ1000/LTZ 1 000A

APPLUCATIONS INFORMATION

Setting Controd Temperatise

Tl amifter-base volage of tha controf fransistor sals the
stabilization Temgaratura forthe LTZ1000. With the valuss
given in the applcations, temperatire is normally 60°C
Thiz provides 15°C of margin abova a maxi mom ambdent
of 453°C. toreample. Productionvanations in smitterbase
voltage will typically cavse about £10°C varation. Since
the emitter-base voltage changes aboot 2mV7=C and is
very predictable, other tamperatures are easily set.

Becawse higher temp eraturesaccelerate agingand decrese
long-term staldlity, the lowestlamparature conslstent with
the operating emdron ment should b=uged The LTZ10004
should e setabout 10PC higher than the ITZ1000, Ths
i5 because normal operafing poswer dissipation in the

LTZ 10004 causes a temperature rise of abowt 10°C, O
course both types of devices shoukd ba msulkatsd from
armbient. Saveral minutes of warrm-up ls vsual,

For applications naot raguiring the extreme precision or
the low noise ofthe TZ1000, Linear Technology makes a
braad Hiee of voltage refarences. Davices Nk the L7102
can provide drifts as low as 2ppm®C and devices such as
thie LM33%A can provide driffs of 1ppm™C, Only applica-
ticers requiring the very low noise orlow drift with time
of the LTZ1000 should use this device. See Application
Blotes AN-E2 and AN-B6 for ferther information. Consult
the Lingar Techaology Applications departmsnd for ad-
dificaal help
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