LM169/LM369

National
Semiconductor

PRELIMINARY

LM169/LM369 Precision Voltage Reference

General Description

The LM169/LM369 are precision mongclithic temperature-
compensated voltage references. They are based on a bur-
ied zener reference as pioneered in the LM198 references,
but do not require any heater, as they rely on special tem-
perature-compensation techniques (Patent Pending). The
LM169 makes use of thin-film technology enhanced by the
discrete laser trimming of resistors to achieve excellent
Temperature coefficient (Tempco) of Vg, (as low as 1
ppm/°C), along with tight initial tolerances (as low as
0.01%). The trim scheme is such that individual resistors
are cut open rather than being trimmed (partially cuf), to
avoid resistor drift caused by electromigration in the
trimmed area. The LM169 also provides excellent stability
vs. changes in input voltage and output current (both sourc-
ing and sinking). The devices have a 10.000V output and
will operate in either series or shunt mods; the output is
short-circuit-proof to ground. A trim pin is available which
permits fine-trimming of Vg1, and also permits filtering to
greatly decrease the output noise by adding a small capaci-
tor (0.05 to 0.5 uF).

Features

8 Low Tempco of Vo

® Excellent initial accuracy (0.003%)
B Excellent line regulation (2 ppm/V)
m Excelient output impedance

® Excellent thermal regulation

m Low noise

m Easy to filter output noise

| Low dissipation — 20 mW

m Operates in series or shunt mode

Connection Diagrams

Metal Can Package (H)

(S)FILTER AND TRIM

GROUND

TL/H/9110-1
Top View
(Case is connacted to ground.)

*Do not connect; internal connection for factory trims.

Order Number LM169H, LM169BH,
LM369H, LM369BH,
See NS Package Number H0BC

Dual-in-Line Package (N)
or S.0. Package (M)

NS

* s

V= - &

GROUND ==

= Vour
FILTER AND
TRIM PN

o N -
W e ~N o

TL/H/9110-5
Top View

Order Number LM36SDM, LM269N,
LM359BN, LM369CN or LM363DN
See NS Package Numbar MOSA or NOSE

TO-92 Plastic Package (Z)

Vour GROUND

+Y,
W TL/H/8110-28
Bottom View

Order Number LM369DZ
See NS Package Number ZO3A
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Absolute Maximum Ratings (Notes)

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

Input Voltage (Series Mode) 3sv
Reverse Current (Shunt Mode) 50 mA
Power Dissipation {Note 7) 600 mW

Storage Temperature Range
Operating Temperature Range

LM169
LM369

—60°Cto +150°C
(Ti min to Tj- max)
—558°Cto +125°C
0°Cto +70°C

Electrical Characteristics, LM169, LM369 (Note 1)

Soldering Information

DIP (N) Package, 10 sec. +260°C
TO-5 (H) Package, 10 sec. +300°C
SO (M) Package, Vapor Phase (60 sec.) +215°C

Infrared (15 sec.) +220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” (Appendix D) for other methods of
soldering surface mount devices.

ESD Tolerance

Tested Design t::::
Parameter Conditions Typical Limits Limit
(Note 2) (Note 3) Unless
Noted)
Vout Nominal +10.000 v
Vout Error (Note 11) 50 +500 PpPmM
0.50 +5 mV
Vout Tempco
LM169B, LM369B Tmin < Tj < Tmax 1.5 3.0 — ppm/°C
LM169, LM369 Tmin < Tj < Trax 27 5.0 — ppm/°C
LM369C Tmin < Tj < Trmax 6 10 - ppm/°C
(Note 6) (Note 11)
Line Regulation 13V < Viy < 30V 2.0 4.0 8.0 ppm/V
Load Regulation
Sourcing 0to 10 mA +3 8.0 20.0 ppm/mA
Sinking (Note 12) 0to —10mA +80 +150 ppm/mA
{Note 4, Note 9)
Thermal Regulation (t = 10 msec
Sourcing After Load 3.0 +20 - ppm/100 mwW
Sinking (Note 12) is Applied) 3.0 — -_— ppm/100 mW
{Note 5)
Supply Current 14 1.8 20 mA
ASupply Current 13V < Viy < 30V 0.06 0.12 0.2 mA
Short Circuit 27 15 1 mA min
Current 50 65 mA max
Noise Voltage 10Hzto 1 kHz 10 30 — nvrms
0.1 Hzto 10 Hz 4 — — rv p-p
(10 Hz to 10 kHz, 4 — — avrms
GCiilter = 0.1 pF)
Long-term 1000 hours, 6 —_ — ppm
Stability Ti < Tmax
(Non-Cumulative) (Measured at
(Note 10) +25°C)
Temperature AT = 25°C 3 — — ppm
Hysteresis of Vgt
Output Shift 1500 2600 — ppm
per 1 uyAatPin5b
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LM169/LM369

Electrical Characteristics LM369D (note 1)

Tested Design :’;::
Parameter Conditions Typical Limits Limit
(Note 2) (Note 3) Unless
Noted)
Vout Nominal +10.000 v
Vout Error, 70 11000 —_— ppm
LM369D 0.7 +10.0 —_ myv
Vout TEMpPCO Tmin < Tj € Tmax
5 /°
{Note 6) 30 ppm/°C
Line Regulation 13V < Vg < 30V 2.4 +6.0 12 ppm/V
Load Regulation
Sourcing 0to10 mA +3 +12 25 ppm/mA
Sinking (Note 12) Cto —10mA +80 + 160 ppm/mA
(Note 4, Note 9)
Thermal Regulation (t = 10 msec
Sourcing After Load 4.0 25 — ppm/100 mwW
Sinking (Note 12) is Applied) 4.0 — — ppm/100 mwW
(Note 5)
Supply Current 15 2.0 2.4 mA
ASupply Current 13V < Vi < 30V 0.06 0.16 0.3 mA
Short Circuit 27 14 10 mA min
Current 50 -1 mA max
Noise Voltage 10Hzto 1 kHz 10 30 — pvrms
0.1 Hzto 10 Hz 4 —_ — pVp-p
(10 Hz to 10 kHz, 4 — —_ pY rms
Critter = 0.1 pF)
Long-Term 1000 Hours, 8 — — ppm
Stability Tj < Trmax
{Non-Cumulative) {Measured at
+25°C)
Temperature AT = 25°C 5 — — ppm
Hysteresis of Vot
Output Shift 1500 2800 — ppm
Per1pAatPin5

Note 1: Unless otherwisa noted, these conditions apply: Tj = +25°C, 13V < Vip < 17V, 0 < ligag < 1.0 mA, C_ = < 200 pF. Specifications in BOLDFACED
TYPR apply over the rated operating temperature range.

Note 2: Tested limits are guaranteed and 100% tested in production.

Note 3: Design Limits are guaranteed (but not 100% production tested) aver the indicated temperature and supply voltage ranges. These limits are not to be usad
to caiculate outgoing quality levels.

Note 4: The LM169 has a Class B output, and will exhibit transients at the crossover point. This point occurs when the device is required to sink approximately 1.0
mA. In some applications it may be advantageous to pre-load the output to either Vi, or to ground, to avoid this crossover point.

Note 5: Thermal regulation is defined as the change in the output voltage at a time T after a step change of powaer dissipation of 100 mW.

Note 8: Temperature Coefficient of Vouyr is defined as the worst-case AVyy, measured at Specified Temperatures divided by the total span of the Specified
Temperatura Range (see graphs). Thera is no guarantes that the Specified Temperatures are exactly at the minimum or maximum deviation.

Note 7: in metal can (H), 6,.c is 75°C/W and 8,4 is 150°C/W. In plastic DIP, 8.4 is 160°C/W. In S0-8, 6. is 180°C/W, in TO-82, 8,  is 180°C/W.

Note 8: Absolute Maximum Ratings indicate limits beyond which damage to tha device may occur. DC and AC electrical specifications are not guaranteed beyond
the Rated Operating Conditions.

Note 9: Regulation is measured at constant temperature using pulse testing with a low duty cycle. Changes in output voltage dus to heating effects are covered
under the specifications for Thermal Regulation and Tempco. Load Regulation is measurad at a point on the output pin 1/8” below the bottom of the package.

Note 10: Consult factory for availability of devices with Guaranteed Long-term Stability.
Note 11: Consult factory for avallability of devices with tighter Accuracy and Tempco Specifications.
Note 12: In Sinking mode, connect 0.1 uF tantalum capacitor from output to ground.
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Typical Performance Characteristics (Note 1)
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Typical Temperature Coefficient Calculations:
LM168 (see curve abova):

T.C. = 1.6 mV/(180* x 10V)

= 8.9 X 10~7 = 0.89 ppm/°C

LM369 (see curve at left):

T.C. = 0.5 mV/(75° X 10V)

= 6.7 X 10-7 = 0.67 ppm/°C

TL/H/O110-27
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LM169/LM369

Application Hints

The LM169/LM369 can be applied in the same way as any
other voltage reference. The adjacent Typical Applications
Circuits suggest various uses for the LM169/LM369. The
LM168 is recommended for applications where the highest
stability and lowest noise is required over the full military
temperature range. The LM369 is suitable for limited-tem-
perature operation. The curves showing the Noise vs. Ca-
pacitance in the Typical Performance Characteristics sec-
tion show graphically that a modest capacitance of 0.1 to
0.3 microfarads can cut the broadband noise down to a lev-
el of only a few microvolts, less than 1 ppm of the output
voltage. The capacitor used should be a low-leakage type.
For the temperature range O to 50°C, polyester or Mylar®
will be suitable, but at higher temperatures, a premium film
capacitor such as polypropylene is recommended. For oper-
ation at +125°C, a Teflon® capacitor would be required, to
ensure sufficiently low leakage. Ceramic capacitors may
seem to do the job, but are not recornmended for produc-
tion use, as the high-K ceramics cannot be guaranteed for
low leakage, and may exhibit piezo-electric effects, convert-
ing vibration or mechanical stress intc excessive electrical
noise.

Additionally, the inherent superiority of the LM169/369’s
buried Zener diode provides freedom from low-frequency
noise, wobble, and jitter, in the frequency range 0.01 to 10
Hertz, where capacitive filiering is not feasible.

Pins 1, 3, 7, and 8 of the LM169/369 are connected to
internal trim circuits which are used to trim the device’s out-
put voitage and Tempco during final testing at the factory.
Do not connect anything to these pins, or improper opera-
tion may result. These pins would not be damaged by a
short to ground, or by Electrostatic Discharges; however,
keep them away from large transients or AC signals, as
stray capacitance could couple noises into the output.
These pins may be cut off if desired. Alternatively, a shield
foil can be laid out on the printed circuit board, surrcunding
these pins and pin 5, and this guard foil can be cannected to
ground or to V4, effectively acting as a guard against AC
coupling and DC leakages.

The trim pin (pin 5) should also be guarded away from noise
signals and leakages, as it has a sensitivity of 15 millivolts of
AVout per microampere. The trim pin can also be used in

Typical Applications

the circuits shown, to provide an output trim range of £10
millivolts. Trimming to a wider range is possible, but is not
recommended as it may degrade the Tempco and the
Tempco linearity at temperature extremes. For exampte, if
the output were trimmed up to 10.240V, the Tempco would
be degraded by 8 ppm/°C. As a general rule, Tempco will
be degraded by 1 ppm/°C per 30 mV of output adjustment.

The output can sink current as well as source it, but the
output impedance is much better for sourcing currant. Aiso,
the LM169/369 requires a 0.1 nF tantalum capacitor (or,
0.1 uF in series with 100) bypass from the output to ground,
for stable operation in shunt mode (output sinking current).
The output has a class-B stage, so if the load current chang-
es from sourcing to sinking, an output transient will occur.
To avoid this transient, it may be advisable to preload the
output with a few miliamperes of load to ground. The
LM169/369 does have an excellent tolerance of load ca-
pacitance, and in cases of load transients, electrolytic or
tantalum capagitors in the range 1 to 500 microfarads have
been shown to improve the output impedance without de-
grading the dynamic stability of the device. The LM169/369
are rated to drive an output of =10 mA, but for best accura-
cy, any load current larger than 1 mA can cause thermal
errors (such as, 1 mA X 5V X 4 ppm/100 mW = 0.2 ppm
or 2 microvolts) and degrade the ultimate precision of the
output voltage. :

The output is short-circuit-proof to ground. However, avoid
overloads at high ambient temperatures, as a prolonged
short-circuit may cause the junction temperature to exceed
the Absolute Maximum Temperature. The device does not
include a thermal shut-down circuit. If the output is pulled to
a positive voltage such as + 15 or + 20V, the output current
will ba limited, but overheating may occur. Avoid such over-
loads for voltages higher than +20 V, for more than 5 sec-
onds, or, at high ambient temperatures.

The LM169/369 has an excelient long-term stability, and is
suitable for use in high-resolution Digital Voltmeters or Data
Acquisition systems. Its long-term stability is typically 3 to 10
ppm per 1000 hours when held near Tyay, and slightly bet-
ter when operated at room temperature. Contact the factory
for availability of devices with proven long-term stability.

Series Reference with
Optional Filter

Serles Reference Shunt Reference with Optional Trim for Reduced Noise
13V vy S 30V v+ 13V 5 V) < 30V
2 3 l 1=2mk .
1 QUIPUT
12 +10.000V N
8 outPur N 5 6
LM369 ourfem QTP our |5 T LM389. our[=—— Jo%,
wses L o Lsox 0.1 4F
GND TRIM —AM—PS T0  OUTPUT - GND
|‘ Ll oawr | ™ (gT?‘V) n
—te 0.1 gl 1
L 4 T TANT m LOW LEAKAGE |

TL/H/9110-2

TL/H/9110-4
TL/H/S110-3
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Typical Applications (continueg)

+ 10V Reference 1 5V Reference
Ve 015
|2
N J_ 0.1 uF I 2
3
LM369 our |—— S1T ooov | -
GND = ouT § +5V
n LM369 5 Af {3 sox
TRM WV=S TRIM
L] —k T
— < 10K
= oo IN . 4 S0.1%
TANT. LM369 our
GND 6
4 OUTPUT
«10.000V
‘D
< l I=2mA
1
V=
TL/H/9110-7 -15
TL/H/8110-8
Multiple Qutput Voitages
23V = V) =< 30V 23V =5 V) = 35Y
|2
N ot § 20v
— 20V tM369 s
>
eNp  TRIMp— $ 10k
‘P
4
2
L L 1ov
1oV LM369 s
Gnp TR i X
4 T TANTALUM

TL/H/9110-9

24V < V) = 30V
) R = Thin Film Resistor Network
R 2Ny7 SR 0.05% Matching and 5 ppm Tracking
"Wy - 8 | (Beckman 684-3-R-10K-A),
I LusosA 207 (Caddock T-814-10K-100-05)
— sLr718 (Allen Bradiey FO8B103A)
SR 4 or similar.
>
2 $?
&
N our 10V
LM369 |, J_
GND TRIM — 500 pF
: 1T

TL/H/8110-11

TL/H/8110-10
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LM169/LM369

Typical Applications (continued)

Precision Wide-Range Current Source

+15
2
N 10K* 5: 10K* X
LM369 gy - ! <Ry
GND
- 1oke |13
0.1 uf -
T TANTALUM 1ok -
Ay = LF411A, LM607, LM30BA
or gimilar —
Qq, Q2 = high 8 PNP, 8.2K o1
PN4250, 2N3906, 5% (M12v = Vo= -20v)
or simiar 3 l .
* = Part of Precision Resistor Network, -15 lour = Ry
10.05% Matching,
(Alien Bradiey FOBB103A) Iy
{Caddock T-914-10K-100-05)
(Beckman 694-3-R-10K-A) 1
or similar - TL/H/B110-18
+ 10V, + 5V References
+15Y
2
(]
LM369 5 <
b3
- 45V
0 '
— <
- -
<
A = Yo LF444A or
< % LF412A or
< LM607
R = Thin Film Resistor Network A ]
0.05% Matching and 5 ppm Tracking +
(Beckman 694-3-R-10K-A), >
{Caddock T-914-10K-100-05} -
(Allen Bradioy FOBB103A)
or gimilar,
-15¥ TL/H/9110-12
Referaence with Booster 100 mA Boosted Reference
V4 14V SV <31V
> < 33
sS40 <
2N2907 L |
2N2907 HEAT
FIN
o)
'\ZNZQD'I
2
Vour N
1
LM369 i o Vour
(OPTIONAL LM369 5
GhD 10,5 PRE=LOAD) RiM }— mo"fn)
' "N SND a e 3
& 2 ‘ 50 “F — H
|
— 4 =
-— TL/H/9110-13

TL/H/9110-14
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Typical Applications (continued)

Precision Programmable Supply

+15¥ +15V
B
LM36s |
21
< 19
) 3 :: sl - A'A'A
>
L'W\'—q. A1 2 Dactess
pererm ™ 100K 20 >
- < AAA
< vy
FULL L <
SCALE < =
ADIUST = 2+ A 010 ?;’J
+
3 v
<
L .- 22 AAA
23
AAA 16 BIT DAC
{2¢ PINS 1-18
DIGITAL -
Ay, Az, A3 = LF411A, LM8O7, or simitar INPUTS =18V
Current Source
2

2k < Rx < 10M

6 FLuM169~
LM369

=30V

Precision Current Source

TL/H/8110-18

+15
2
. 0.1 uf
Ar
out s T~ LOW !
LM369 Sr
T
Q2
Qt
(+3v Voullz'ZDV)
= 1OV
01, Gz = high B PNP, lout= gy
PN4250, 2N3606 L
or gimilar
Ay = LM807, LM11, LF411A I
or gimilar =y TL/H/9110-17

TL/H/9110-21
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LM169/LM369

Typical Applications (continued)

Oscilloscope Calibrator
0 off powe
N
v = B! ?2
L M3ss P~
v =82
i NM74HCO4 04020
l ks I |®
1
]

AAA
vy
-
=

L

I
Do = MM74HCO4

TL/H/9110-22

Precision Wide-Range Current Sink
L
= [
LM369
»
lout = v 4 :: Ry
Rx
Ay = LM11, LME07 or similar.
(V3 + 2V) < Vg < +20V. —20¥
Q1, Q2 = high Beta NPN, 2N3707, 2N3804 or similar. TL/H/9110-18
Digitaily Variable Supply
+15V
|2
N
6
LM369 out
MDAC
G +10.000V
r YN RF
A %‘ A'A'A' o _VOUT
= 33pF
DIGITAL “—
INPUTS Lt

Vout = —10V x (Digitally Set Gain). re
Ay = LM11A, LMBO07, or similar. .J__:—
MDAC = DAC1220, DAC1208, DAC1240, or similar. TL/H/0110-20
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Typical Applications (continued)
Ulira-Low-Noise Statistical Reference

+15V
REPEAT
- v R a1
2 1 1 1 peedesy  DESIRED
[ ] (]
5
- LM369 § LM369 LM369 LM369 :LMSSS:--:
' H !
1] - toopod [ ]
= (1 L L .4
— pmey — — ver kN §
I - R = R = R - R - <R
— SEE "
NOTE & &— OUTPUT
v 2uF Mylar ® , OPTIONAL OUTPUT BUFFER
: .
Ly
[ ]
" 0.1 -L 20K
) T -
! BUFFERED
+ | W60 — O

2000 < R < 1k

t uF

1 POLYPROPYLENE

1
When N pieces of LM369 are used, the V¢ noise is decreased by a factor of J_ﬁ

If the cutput buffer is not used, for lowest noise add 0.1 uF Mylar® from ground to pin 5 of each LM369.

LM169 Block Diagram
Som yn : 2 I +VS
\%)t,)
]
— 6 | vour
I ] [ ] < ,
HE < 4000 -t
< TEMPCO QUTPUT [~~~ "‘LJ
3% | s TRIMS ot
’: — 3 10K *rp---a3)
p -
AA L
T 5 | TRIM AND
[ +6.8V b3 FILTER
I"'T 2 22K
<
\{ 4 I GROUND

** PATENT PENDING

*Do not connect; internal connection for factory trim.

TL/H/9110-23

TL/H/8110-15

7-61

69EINT/69L N



