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Acronyms and Symbols
A Ampere
A/D Analog to Digital
Ag Gain Error
Ays (2) Open loop voltage gain (single-ended,
0to+, 0 to =)
BPO Bipolar offset
BPOE Bipolar offset error
BW Bandwidth :
CcM Common mode 1
CMR Common mode rejection
CPW Clock pulse width
cs Channel Separation
(n) A/D converter transition voltage - nth transition
D/A Digital to Analog
dB Decibel
DESC Defense Electronics Supply Center
o DUT Device Under Test
- E(n) A/D converter transition voltage bit error
in LSB, with transition
E(n) Static A/D converter transition voltage less
transient error contribution in LSBs
EBo(n) Amplified difference voltage., Difference between
reference D/A converter and the DUT output
. nth transition
FRR Feedthrough Rejection Ratio
Fsv Full Scale Voltage
FSVR Full Scale Voltage Range
G Voltage gain
e Gg Voltage gain error
! GE General Electric Company
GEOS General Electric Company, Ordnance Systems
GND Ground ‘
Tady Adjustment pin current
+Icc Positive supply current
IcH(+) Hold capacitor charging current (+ input)
IcH(-) Hold capacitor charging current (- input)
Icont Control pin current
ICs Integrated Circuits
Iy (+) Leakage current into hold with + charge
Iy (=) Leakage current into hold with -~ charge
+I1B Input bias current, non-inverting input
~118 Input bias current, inverting input
I High level input current
I, Low level input current
I10 Input offset current
Alre/ AT Input offset current/temperature coefficient
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IRer
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JAN
JC-41
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LSB
1SI
LTPD
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MCE (n)

MPCAG
mv

Ni (8B)
No
Ni@®cC
os<? )

|4
PPM

+PSRR
PSS
QPL
RADC

s/H
S/N
SR(+)

tac

ap
TR(tr)
TR(08)
tsL
tSHL

T4L
VADCIN

Logic power supply current

Output short circuit current (for positive output)

Output short circuit current (for negative output)

Quiescent current

Reference voltage supply current

Temperature stabilizer supply curreat

Initial temperature stabilizer supply current

Joint Army Navy

JEDEC Committee on Linear Integrated Circuits

Joint Electron Devices Engineering Council

Natural logarithm

Least significant bit of D/A or A/D converter

Large Scale Integration

Lot Tolerance Percent Defective

Milliampere

Major carry error where n = 1 is major transition
with all bits changing

Major carry error less transient error contribution
where n = 1 is major transition with all bits
changing

Military Parts Control Advisory Group

Millivolt

Broadband noise

Output noise voltage

Popcorn noise

(GE) Ordnance Systems

Quiescent power dissipation

Peak 1

Parts per million

Power Supply Rejection Ratio, positive supply

Power Supply Sensitivity

Qualified Product List

Rome Air Development Center

Amplifier feedback resistor

Amplifier input scanning resistor

Sample and Hold Circuit

Serial Number

Slew rate (max AV,/ At), positive

Ambient temperature

Acquisition time (S/H) -

Aperture time (S/H)

Transient response, rise time

Transient response, overshoot

Settling time of step response to specified accuracy

Settling time, low=to-high

Settling time, high=-to-low

Transistor - transistor logic

Transistor - transistor logic

A/D converter input voltage
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V10
V1o ADJ(+)
Vou

Vor(m)

VoL

VoM (n)

Vop

Vour

Vour (RECOV)

VR
VRDAC (n)
VR LINE
VR LOAD
VRos
VRTH
g
VSTART
Zy

Zo

X

L + D

u
uF
uv
us
A
o

+ NL

- NL
AVro/ AT
AVIN/ AVour
AVour/ A Vi
AVour/ A It
QAVR AT

Adjustment pin voltage

Base-to-emitter voltage

Supply voltage

Control pin voltage

Forced voltage

"Hold" step voltage

Logic "1" input voltage

Logic "0" input voltage

Input voltage .

Input offset voltage

Adjustment for imput offset voltage

Output Voltage, high level -

D/A output voltage on straight line between
zero and FS-fir address n

QOutput Voltage, low level

D/A output voltage measured for address n

Output voltage swing (peak)

Voltage output

Regulator output recovery voltage after output
short to ground

Reference Voltage

Reference D/A converter output for address n

Line regulation

Load regulation

Reference D/A output offset voltage

Thermal voltage regulation

Positive supply voltage

Voltage start-up

Input Impedance

Output Impedance

Data mean of X . . c o o e e e s
- *Degreés’ certigrade

Micro

Microfarad

Microvolt

Microsecond

Delta

Sigma

Summation of maximum positive bit weight errors
Summation of maximum negative bit weight errors
Input offset voltage temperature coefficient
Ripple rejection

Line transient response

Load transient response

Reference voltage temperature coefficient
Thermal resistance
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SLOHToN |

INTRODUCT TON

Ohjectives

The major objective oi this work vltort is to charactericze cortain
lincar microcircuit devices 1or inclusion in MIL=M=-38,10 ("
lrication for Microcircuits'™) slash shects,

Conetal SIS { -

tenerally, "characterization” or o device tvpe inclades sooeral oo ated
tasks:

e determination ol test parameters and limits

o development of test procedures, compatible with automatic test syvstems

e verification of limits and test circuits via sample device testing/
evaluation,

e generation of detailed burn-in and life test circuits

e preparation of rough draft slash shects

A secondary objective of this effort is to provide tollow-up suppaort
for maintaining existing linear MIL-M-38510 slash shects to current stuatus,
including support to Rome Air Development center tTor manutacturer qualini-
cation and related activities.

All of the characterization effort performed is guided by the tundamen-
tal objectives of the JAN 38510 program - namely quality, reliability, inter-
changeability, and standardization.

Scope of Applied Effort

The specific tasks included in this program are the charagterization
and specification’of the followirg device types/familics:

Adjustable positive Voltage Regulators, MIL-M-38510/117
Adjustable Negative Voltage Regulators, M{L-M-38510/118
Precision BiFET Op Amps, (LFI55A cte), MIL-M-38510/114
Multiple BiFET Op Amps (single, dual, quad), MIL-M-38510/119
12-bit A/D Converters, MiL-M=38510/120

12-bit D/A Converters, MIL-M-38510/121

Precision Voltage References, MIL-M-38510/124

Precision Sample/Holds, MIL-M-38510/125

Additional required tasks included were:

e Assess pending changes to existing slash sheets and recommend appro-
priate action,

e Support RADC in the evaluation of manufacturer qualification sub-
mittals,
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® Inturtace with manutacturers in development of new specs, or changes

to existing specs; attend =41 Committee and Subcommittee mect ings.

® Complete slash sheets not issued at completion of previous contract,
Program Status

Fhe following new slash sheets were developed on this program:

commercial Device Type

MIL-M-138510/117, prositive Adjustable Regulators uA78MG, wA78G, LM1174,

LM117K
MIL-M=38510/118, Negative Adjustable Regulators uA79MG, uA79%, LM137H,

LM137K
MIL~-M-38510/119, Multiple BiFET Op Amps TLO61, -062, -064,

TLO71, 072, 074; uA771,
-772, 774; LF151, -153,

~147
MIL-M-38510/120, 12-Bit A/D Converters MN 5200-5207, MNS5210 -
5217
MIL~-M-38510/121, 12-Bit D/A Converters AD562, HI562
M{L-M-38510/124, Precision Voltage References M129, LM199
MIL-M-38510/125, Sample/Hold LF198

Three device types were added to an existing slash sheet also:
MIL~-M-38510/114, BiFET Op Amps LF155A, LF150A, LF157A

Device characterization is essentially complete for the above specifi-
cations with the exception of /120 and /125, The A/D specification has been
issued in preliminary form; test hardware and software have been developed,
and data is expected soon after publication of this report., The Sample/Hold
specification and characterization development is in very early stages; a
Table 1 has been prepared, along with test circuits and a partial Table 1II,
awaiting manufacturer comment, All other specifications and characterizations
listed above are complete and include a prepared slash sheet, test adapter
hardware and software, and automatic/manual test data.

In addition to the above characterizations, follow~up tasks to previous
RADC characterizations were also included in the current contract. This
cffort included the following:

® Complete characterization of BLiFET Op Amps, /114, (non="A"' 155 family),
including testing of 68 devices, generation of data handbook, and
negotiations at JC-41 Op Amp Subcommittee m2eting in San Jos&. Two
burn-in circuits were evaluated, also. This is reported in Section
IT of this report,

e Reviewed and assessed proposed changes to parameters and limits for
device type 01, (LM109), on /107, Positive Voltage Regulators. Two
manufacturers requested changes via JC~41 Committee letter ballot;
G approved the changes with certain qualifications,

1-2




Rl et anlont iSO b e

7

® Reviewed and assessed changes to /115, Negative Voltage Regulators;
completed investigation of start-up problems observed carlier at GE.
This item is reported upon in Scction .

e Completed slash sheet for DACO8, /113, 8-bit D/A Converters; Tables
III and 1V were added; corrections/comments received from manufact-
urers were incorporated.

e Errors in /112, Quad Comparators, pointed out by one manufacturer
were checked out and corrected at GE.

® A change to the slew rate test circuit for the 118 0Op Amp, /101, was
analyzed.

e A slash sheet written by NASA, MIL-M-38510/122, High Slew Rate and
Wide Band Op Amps, was reviewed and comments were submitted to RADC.

Meetings Attended (GE internal meetings not included)

JC=-41 Committee on Linear ICs
Nov., 1, 2, 1978 - Phoenix, AZ
Feb, 27, 28, 1979 - Monterey, CA
June 19, 20, 1979 - Washington, DC

JC~41 Subcommittee Meetings

Feb. 6, 1979 562 D/A Converter Peabody, MA

Feb. 7, 1979 5200 A/D Converter Peabody, MA

May 1, 1979 5200 A/D Converter Pittsfield, MA

May 29, 1979 5200 A/D Converter Sturbridge, MA

Aug. 14, 1979 CMOS D/A Converters San Jose, CA

Aug. 15, 1979 Sample/Holds; Voltage San Jose, CA
References

RADC/GE Meetings

Sept. 21, 1979 Contract Plans Pittsfield, MA
Feb. 22, 1979 Contract Status Pittsfield, MA
May 2, 1979 Contract Status Pittsfield, MA
May 22, 1979 Contract Status Rome, NY

Aug. 8, 1979 Contract Status pittsficeld, MA

§ackground

General Electric began this effort in September of 1978, having previously
completed similar characterization and specification contracts in MIL-M=38510
Linears in 1976 and 1977. Philosophies for establishing parameters, limits,
and test circuits for conventional devices like op amps, comparators, and
regulators had been negotiated with RADC, DESC, and the duvice manufacturers
in meetings of the JC-41 Committee on Linecar Integrated Circuits.
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This current effort extended past efforts to newer devices in similar
generic families, and in addition e¢stablished new frontiers in the develop-
mont of automatic tests and specifications for 12-bit data converters, One
slash sheet (/120, 12-bit A/D Converters) represents the first hybrid micro-
circuit to be specified in military JAN linears.,

Whereas in 1976 and 1977 the JAN Linear Program has been '"catching up"
to the state-of-the-art in developing new specs for existing devices, it is .
now in some cases leading the development. Witness the slash sheet on single, @
dual, quad BiFEl Op Amps, in which devices from three major manufacturers are '
just becoming available to users, and 3-terminal adjustable regulators where
the JAN spec is ready soon after the market introduction,

Although hybrid A/D converters have been around for awhile, monolithics
are just reaching that goal, and manufacturers are faced with new challenges
for developing suitable automatic tests for high resolution data converters,
Even more ambitious tasks are being planned for the near future, with analog
LSI (video A/D converters), non-linear companding DACs, and data acquisition
devices in the making.

1, ngelgggcnt of Slash Sheets

A procedure for developing new slash sheets to MIL-M-38510 has evolved
through negotiations among all concerned parties, Device selection is
influenced by user need, which is determined both by the marketplace and by
organized committees, such as the Military Parts Control Group (MPCAG) at
DESC, the G12 Solid State EIA Device Committee, and the Microelectronics
Project Group of the Electronics Systems Committee of AIA. These recommend-
ations are balanced with manufacturer recommendations obtained via the JC=41
Committee. Devices having high useage, multiple application potential in
military systems, proven performance, and two or more sources are given
priority. Single-source devices are acceptable, especially for hybrid devices,
although multiple soutrces are preferred. Manufacturers typically recommend
devices for slash sheet action in JC-41 Comnittees, and then chair a JC-41
Subcommittee for preparation of slash sheet parameters, limits, and test
circuits.

The industry data sheet forms the basis for the military specification.
Typically, such data sheets do not specify all of the necessary parameters
over the military temperature range and over the common-mode voltage range.
The JC-41 subcommittee, or the device originating company, usually prepares
a proposed spec., Ideally, the device manufacturers would like to have these
proposed specs incorporated without further consideration. However, RADC
and General Electric experiences in this current program have shown that all
of the proposed specs have required some rework, and are unsuitable for
issuance '"as is'",

Data provides another base for determining parameters and limits.
Devices for test are purchased from distributors, are also obtained from
manufacturevs via RADC request. In some cases, the industry-donated sample
is tested by a single manufacturer on a volunteer basis, The entire sample
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is tested further on a Tektronix 83263 Automatic est System at o ordnanc
Systems Electronic Test Center, Data obtained at =553 ¢, +25 ¢, and +129
ambient is statistically analyzed and reproduced in histovram 1ormat Red -
ommended limits are compared to the statistical sample data Parameteor
limits which are grossly inconsistent with the data are readily identiticd,

Additions, changes, and alternate approaches are discussed at ting
committee level., Device anomalies are identiticd in lab bench tosts, orten
using a curve tracer. Failure modes are also identiticd User caut ion
notes arce added to the specification if it is deemed appropriate.

Burn=-in circuits are usually recommended by the manutactorvr and eval-
uated by RADC and/or GEOS on the available test samples.  an objective s
to minimize the number ol external components while stressing the device
near its limits,

Device schematics are presently included in MI1.-M=38510 slash shoeets,
A recent JC=-41 Committcee recomnendation is to delete the schematics and to
replace them with a block diagram which shows the basic elements ot the
device, for devices which arce very complex (¢ ¢. data converters) .

Rough~draft copies of the {inal slash shect are prepared at ¢HOS und
are forwarded to RADC for review. DESC distributes copies obf this spec to
manufacturers and uscrs for {inal commints., Following assessment ol the
comments by all concerned parties, DESC prepares and issues the slash shect

Characterization Data

Data obtained during device characterization is usually published in
handbook form separate from this document. Samples of the data sheets,
histograms, and plots, are included in this report, however,
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SECTION II

Bi-FET OPERATIONAL AMPLIFIERS
MIL-M-38510/114

2.1 Background and Introduction

The initial characterization work on Bi-FET Op Amps was described in
technical report RADC-TR-78-275. This report covers the completion of
the characterization studies on the LF155 series devices and also
includes the characterization of the LF155A precision series devices,

The relationship between the generic industry and military device types
is shown below:

Generic Industry MIL-M-38510/114
Type Device Type
LF155 01
LF156 02
LF157 03
LF155A 04
LF156A ‘ 05
LF157A 06

As the name implies, "Bi~-FET" stands for a mixed technology process in

3 which bipolar and field effect transistors are combined on the same
monolithic integrated circuit. Standard bipolar processing is used to
make most of the circuit elements except for the top gate and channel

] of the J-FETs, which depend on the ion implantation process. Fabri-

4 cating with matched input J-FETs which gives rise to low offset voltage
and offset voltage drift is the big contribution of the ion implantation
process. Obviously the Bi-FET process enables the best features of
bi-polar and J-FET transistors to be incorporated into the design of

the I.C. op amp.

With J-FET input transistors, the input bias currents are typically
under 100 pA. Also, bandwidth and slew rate are not severely compromised
by low input bias current as in the case with bipolar transistor front
ends having low input bias currents.

A review of linear device applications in military systems as well as a
JC=-41 Committee priority list were important factors in characterizing
and developing a slash sheet for this family of devices, There are
seven semiconductor manufacturers making LF155 series Bi-FET op amps.

I1-1




A

2.2 Description of Device Types

A typical schematic circuit of a Bi-FET op amp is shown in Figure 2-1,
Matched J-FET transistors are used for the differential input gain
stage, the input current source loads and the offset adjustment control.
The drain outputs of the input P-channel J-FETs feed a differential
bipolar transistor stage. Signal conversion from differential to single
ended is made at the collector of Q8. Since current sources exist at
both the source and drain terminals of the input J-FETs, some mechanism
must also exist to deal with the excess common mode current which is
sourced from Ql, but not sunk by J10 and J11. Common mode feedback
from the differential bipolar stage current source to the source ter-
minals of J1 and J2 solves this problem,

With J-FET input transistors the op amp bias currents + Ijp, and = Ijp
are much smaller than is possible with bipolar transistors. Since
these currents are leakage currents, they are temperature sensitive

and approximately double for every 10°C increase in temperature, Low
noise and good high frequency response are other benefits of the J~-FET
front end transistors. The single ended output signal from Q8 and its
J3 current source load is further amplified by the class B output stage.
This output stage is a little unusual in that a J-FET, J5, complements
the other bipolar output transistors. Replacing the standard PNP
output transistor with a J-FET increases the phase margin of the device
and thus enhances the stability of the device for driving high capaci-
tance loads.

Capacitor C2 is the compensation capacitor which establishes the
dominant pole from which the open loop voltage gain is "rolled-off",
This capacitor therefore affects the unity gain bandwidth and slew
rate of the op amp. Another parameter which affects slew rate is the
operating current which is available to drive the compensation capaci-
tor. Both the operating current and the compensation capacitor are
variables which the IC manufacturers can control in order to achieve a
desired speed/power tradeoff., Device types Ol, 02 and 03 are-basically
the same device with different values of compensating capacitance and/
or operating current. Consequently, supply current, slew rate and
gain bandwidth product are the parameters which are different between
the three device types as outlined below:




Device Type
Parameter 0l 02 03* Units
Supply Current (max) 4 7 7 mA
Slew Rate (min) 2 7.5 30 V/us
Gain Bandwidth (typ) 5 12 50 MHz
Product

*Device type 03 is under compensated and is not guaranteed
to be stable for closed loop gains under 5 V/V.

There are design differences among the various vendor furnished LF155
series op amps. In order to reduce the effect of temperature on input

bias current, one vendor has added a bias current compensation circuit
as shown in Figure 2-2,
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2,3 Device Characterization

Developing the tests for the Bi-FET op amps was done in a manner simi-
lar to previous quad op amp characterization, A test program and an
adapter card were developed in order to enable testing with GEOS'
Tektronix S$S-3260 automatic IC test system., While the program and
adapter were being developed several devices were analyzed on a

! Tektronix 577 curve tracer. This manual test phase was good for dis-
§ covering anomalies and possible automatic tester problems.

. A schematic diagram of the static test circuit is shown in Figure 2-3.
! All relays are in the normal de-energized position. Operation of the
f test circuit is straight forward. The device under test (D.U.T) and
the nulling amplifier are cascaded within a closed loop gain of 1000,
This is done so that millivolts of error voltage with respect to the
op amp input are translated into volts D.C. at the nulling amplifier
output to the automatic measurement system, The D.U.T. output can be
commanded to any voltage in its operating range by applying the nega-
tive of the desired voltage to terminal 4, When the non~inverting
input to the nulling amplifier is at zero volts, the loop has stabi-
lized and the correct output can be measured. Tests which require
the D.U,T. to be exercised over the common mode range are mechanized
by swinging the power supplies and commanding the D,U.T. output, while
grounding the D,U.T. inputs through 50 ohms. The basic measurement
performed by the static test circuit is V4, or offset voltage. Most
of the other parameters are derived from this basic measurement, A
schedule of parameters, test conditions and equations is shown in
Table 2-1.

Because Bi-FET bias current can increase by a factor of 1000 in going
from 25°C to 125°C, it is necessary to change the input sensing re-

~ sistors from 5 Ma to 100 K . Relay K8 is programmed for the high
temperature measurement in order to cause the resistor value to change.

Although slew rate is not a static test, it was tested automatically
with the parameters listed in Table 2-1, The test circuit for slew
rate and transient response is shown in Figure 2-4, It is an easy
matter to incorporate this circuit into the Figure 2-3 test circuit,
however, care must be taken in routing the connections to the op amp
inputs. Table 2-2 shows the test conditions and equations for slew
rate and transient response., Because of limitations with the $-3260
measurement system it was not possible to measure noise and transient
response automatically with the other op amp parameters. Bench set ups
had to be used for these measurements.,

Another parameter which had to be tested manually using the circuit in
Figure 2-5 is settling time,

The op amp test adapter is shown in Figure 2-6.

I1-6




(SEE NOTE

150 pF —
Tl
1r—1i5€¥> pF

t-- ,“,(s_ig NOT
o o
LT
102k
;2wvézo/i><>

499kN Q(S)%E |

£ 3
K6 K
a - K6b

K5q

(SEE NOTE N9
499

4.99!10.

49.90 4.99MN
| = K8
o4

| 1102k O’”i: 3 Ixa

ke 1.0

(3} NO CONNECTION &= I.I $ 2050
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A1l resistors are +0.1% tolerance and all capacitors are +10%, tolerance

Precautions shall be taken to prevent damage to the D.U.T. during insertion
into socket and change of state of relays (i.e. disable voltage supplies,

Compensation capacitors should be added as required for test circult stability.
Two general methods for stability compensation exist.

unwanted .coupling and oscillations,etc.

One method is with a

The other method 1s with a capacitor in
parallel with the 49.9 kQ closed loop feedback resistor.

Praoper wiring procedures shall be followed to prevent
Loop response and setting time shall

Both methods should

TEST CIRCUIT PIN-OUT FOR ALL DEVICES

be consistent with the test rate such that any value has settled for at least 5 loop
time constants before the value s measured.

Adequate settling time should be allowed such that each parameter has settled

A1} relays are shown in the normal de-energized state.
The nulling amplifier shall be a M38510/10101XXX.
amplifier is not allcwed on tests where the E (pin

Saturation of the nulling
5) value is measured.

The load resistors 20500 and 11.) k2 yfeld effective Joad resistances of

NOTES:
1.
unless otherwise specified.
2.
current Timit » Vcc' etc).
3.
capacitor for nulling amp feed back.
not be used simultaneously.
4,
to within 5% of its final value.
5.
6.
7.
2 kit and 10 kQ respectively.
8.

Any oscillation greater than 300 mV in amplitude (peak-to-peak) shall be cause

for device failure.

Figure 2-3, Test Circuit For Static .ests




*g389] o138 104 d1qelL 3Is°l °*I-~Z °1qel
v Netg - 83 - €37) ooz = Ol1 wasp 917 - pue €I 4 <Ol Supsn anywa a3eINOT®D o1,
A n - 4 J ¥
(g - D 00z =8I, ﬁ g | o | s1- Ag-]ace
(¢3 - €13) ooz = T1- £y wlao A0z~ A 0Oz
iy 7 |A o1 ASz-1A nL
(3 - g ooz ~T1- _
11g suoN {A o1 ASz-fAS /8
(%a - Ola) goo‘or = 1- 01y g1 ‘71 |a a1 Ase-|as ;.
(63 - 1 ooz = ¥1- 63 11 |a s1- Ag-|ace
. %3 - £ ooz = M1+ 83 lao A o0z-|a oz
ia ™|aA o1 Agz-|A ¢
(ta - %D ooz = 14 % suon {4 o1 Asz-lasg /e
vd 3 - @ goo*or = 1A Sa 83 ‘TA A <1 Ase-lAcS Ty
A N
Y3 « 01 2 AQ Ac-|acg
€3 - 01y ta Ao Aoz-|A oz
23 « 01, " A St Age-|acg
am 13 . 01, A Ta| ¢ suon | A s1-| wedofa ¢ -] A se i3 o1,
s37ud uojaenbz s3tun | onyeA | °‘oN sfe1ay v € 2z 1 $930N 1oquis
ujd paansval pozy3aaug . syaqunu uyd x93depy Ja3ureaed

833e370A porlddy

I1-8




(p,3u0n)  *s3sa] 21IBIS 104 PIqE| ISAL ‘-7 A[qel
e 10 % (0 " 1 1 o0
) o= Yy (03) "3 | A 02 A-
A F (O . Wy, €0y ‘N A oz- d0p+
7(03) . - | 7(03) | e | a0z 404~
A 1Oy - Py, A LR €4 ) A oz-) wado| A 0z-|A o¢ 40,
£
o 12 wu O avox | a0 4 A 1=l a st 991
¢ = ()80 ¢y auok | A of A G1-la 61 (=350,
vu U . so va ] auoX | A o1- A S1-{A <1 < (+)50;
€ (=) fav
813 - £3 = (9yrav O 813 ten | Ao A 0z-fA 0z 01,
(#) rgv
Aw 3 - B3 = rav ?a A ty 1§ ¢ tX [ a0 [ usdofaoc-]a oz om>
ae ¢z - T9) ol _
R 301 0z = WD eiep A 3uysn anieA aje[n>1ED /€ o
Y
(13 - £3)
o1 801 0¢ = ¥¥Sd- 91y suoN | A 0 uado | A 01-}4 02 ¥ysd-
Am.—m - ﬂwv <1
ap o Fof gc = H4SA+ A 3 c suoN | A D uado } A 0zZ-} A OI HYSH
Y
saju) uoljenby sytu) | anjep | cox ske1ay s € z 1 sa30N 1oquis
Uld peansean paztRiaug siaqunu utd ia3depy 1939welr 4
so8e3710A paryddy

11-¢




‘000 01 03 00z woaj saduey> JuaTSTIF20> UOIIENbD 3y pue paziBisua Sy gA ‘0,671 3T sISAY I0J /8

*I3uusw hﬂﬁw::n e uy vﬂuﬁ.nﬂuwuu n.w
7,67 PUB D,6¢ - usamiaq 3311p 1P/°FA @ -umoys st 5,62 puw 0,671 usaMIaq IFTIP 1/ >AV /L

*spuodas ¢] 10J painseaw aq [reys (I} IN astou ,uaoddod,, °*ZHA €
031 zH Q1 I°© YIPIMPUBq & YI[m 1232WITOA €% ue Bulsn painseaw aq (ieys (€4) IN asyou pueqpeoig /9

*$s3] 10 sw Gz 10j punoil o3 pa3laoys aq [feys ndIno 3ygL /¢

.AONm 61y) ured adtaop 071 Sutpuodsaisos 3urpeaa 3yl i23Je 10 o3 107xd Lja3jeTpaumyy
uajel o4 [1eys (£3) Juswainsesw uled syl 10j 28e1T0A 20UDIAFS1 IYI IJTIP [PWIBY) PZIWIUTW O /[v

*sjutod pua aBuwa
apow uouwod aY) I8 paanseaw sanjeAa a3eljoA 125330 ay) Bursn pajejnd[ed sI uoridalaa apouw uowso) /¢

AG - = (Cp-) -AQ0C-=""2-pue A += (ST ) -AOZ+=71+u2u3 ‘4L - =" 31 :o1dwexs
103) .,wﬂu:m yoea woay "4 Furiceaqns {yieioeiqeBie puv sindur ay3 Suipunoid £q pararyde aie

suotitpuos W24  c[-z a1qel ur paijisads se 2Zuel SpOW LOWWOD DYI IBAC PaISdI 3q JIBYS IVTAP Yded [T

(*Aw m =015 uayy “Tg = PI5 pue A 7 = T4 g1 :ajdwexs z04) “cuvizenba ayy ul pasn ag ‘a103a19y3
PINONS s3un anyEA painseaw ayl -situn I a[qel ul ST onyeA pajeno[Ed 2yl eyl os 1a1yd
-131nw 103587 21B2S Y3l pu® (Q0‘1 JC uted dool Pasoyd Byl YI0G IUNOISE o3ul el suojenba syl ST

:S3ION
3./a0 2,001/ (9.6 € %Ta - Dusz1 8 %TA) = 1w OIAW Iz 19 /07
dy 90 - (h1) 1N d 9 (0 Contgt 4 _
LAY ooot/ (Y1) = (QYIN Rdaw (G ) gNCH'EXIA | A O Aoz-| AOZ Od N
SEERU! 0001/5CD = (s | swapw | (O 9 oifao A0z Aoz /5 (ag) IN
¢y Az as-|as
(M¢3 . &gy yy = Shy teq ! Az - AS -l A Sy
Fa - Cer - (-)say o~m — A ST (~) shy
AR/ (613 - L) 5p - ISNy A 613 9 vy | A g1-]uado | A oz-|A 02 v +)say
fatu) no1IRnby s3TU] antey *OoN sfeyay + ¢ < 1 EERT 1oquks
uid painseadly razi¥isug syaqumu ulc 323depy PEBEIN ARy
sofelI70A patrddy

(cont'd.)

Test Table For Static Tests.

Table 2-1.
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NOTES:
Resistors are *1.0Y tolerance and capacitors are +10% tolerance.

Y.

2.
3.

4.

This capacitance includes the actual measured value with stray and wire capacitance.

e e te e Sl e e am—

HH

| i
! 10 pF

I O.1pF |y /SEE NOTE 2 |
l

| KSa I—&J(g—bi
—[ff/;\AAr— SN~ '
2.49k0 1080 |
l

Precautions shall be taken to prevent damage to tke D.U.T. during insertion into
socket and in applying power.
Pulse input and output characteristics are shown on the next page.

Figurce 2-4.

Test Circuit For Transient Response and Slew Rate.




DEVICE TYPE DEVICE TYPES

03 Ol 803

) )
S 2501 ————— 501 —————
E as|----- 45— - — - -
g
[
2
B 25|—-— — = 5|———$-01Vo -
3 o 0 ! TIME (ns)
WAVEFORM |
(TRANSIENT RESPONSE)
> +5
w
) +2.5
§
= —-2.5
>
g s
3 e TIME (p8)
WAVEFORM 2 WAVEFORM 3
(POSITIVE SLEW RATE) (NEGATIVE SLEW RATE)
Parameter | Device Input pulse Qutput pulse Equation
symbol type signal @ tr < 50 ns signal
TR (tr) all +50 mv Waveform 1 TR (tr) = At
- TR (e,) all +50 mv Waveform 1 TRio ) = 100 (Av°/Vo)
s
SR (+) 03,02 -5 V to +5 V step | Waveform 2 « OVo(+)
( '037 -1 Vio +1 V ste Wave ori_‘ SR(+) /8¢(+)
SR (- 01,0 45 V to -5 V step Waveform 3 -
) 03 TV to #1 V step aveform 3 sR(-) = A¥o(=)/ae(-)

Table 2-2. Test Table For Transient HNesponse and .Slew Rate,
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A uf
| v \
I *“{6"‘ |
v | Sl L4991 +1% | 2kl ¢+.1% |
IN AAA~— |
0O
O_J—__L S
—t -Yo
L1 100 |
pF |
499k £ .1% |
l
[
| 1
2k N ' |
NO tuf ' ;
. |
@'CONNECHON ( tol) o e
I Ig (
@
-VCC=-15V
NOTES :
1. Resistors are *1.07 and rapacitors are +10" unless otnerwise specified.
2. Precaution shall te taken *o prevent damage to the D.U.T. during insertion
into socket and in applving power.
3. For device types D) and 092, S1 is open, AV = -1 and Vlh =10 V.
4. for device type 03, S1 is «losed, AV = -5 and le =2 V.
5.

+tVCC = 15V

Settiing time ts' measured on pin 5, is the interval during which the surming
node is not nulled.

Figure 2-5. Test circuit For Settling Time,




Figure 2-6. Bi-FET op amp test adapter.




2.0 labualation ot lest Data

Shown below is a list of types and quantities of devices which were

s bmitted by the 1.C. manntacturers tor characterization testing,
Device Manutacturers
Type B fQuuntiLy *
1 F = Fairchild
' S = Signetics
155 F, S 24 A = AMD
156 F, S, A 24 N = National
157 S, A, N 24 P =P.t.1,
155A N, P 9 I = Intersil
156A N, P, I 64 T = Texas Instruments
157A P 20
w355 T 9
Total 204

The devices were tested in two groups with the distinction being
A's or non-A's. The non-A's were tested first. Improved limits on offset
voltage, :AViOKSI and slew rate are the essential differences between the
two groups. Within each group the 155's, 156's and 157 's have identical
limits except for supply current, transient response and slew rate. Also,
the 157 is an undercompensated device for use in wideband applications with
a minimum closed loop gain of SV/V,

The 355 devices were tested with the precision A parts, but the data
was not statistically grouped with those devices,

A typical data sheet of an LF155 op amp in the first group of testing
is shown in Table 2-3, All uf the data is within the initial JC-41 committee
recommended limits, unless an asterisk (*) is displayed adjacent to the
measured value., For this group, the data at all three temperatures
(-55°C, 25°C and 125°C) is shown on a single table,

On the second group of devices (LF155A series), it was decided to
change the format so that the data of up to ten devices could be displayed
on a single sheet, Table 2-4 shows this scheme for different devices at a
single temperature, With this method it is easier to make device-to-device
comparisons and to check for common peculiarities, etc,




et e A

A third form of data common to both groups of devices are histograms,
Figure 2-7 shows a histogram of offset voltage Vijo at zero common mode
voltage and 25°C for all of the devices in group 2, The raw data is too
extensive for inclusion in this report, since each test group contains 114
histograms and over 30 individual data sheets., Besides showing the data
elements v,s. frequency of occurence, the histograms alsc display the
initial JC-41 parameter limits, Dirsct comparisons of the data to the
proposed limits are useful in determining the relative test yields of the
devices. The raw data was presented to industry representatives in two
reports as follows:

1. Characterization Data for MIL-M=38510/114 Bi-FET Op Amps (Commercial
Types LF155, LF156, and LF157) (21 November 1978).

2. Characterization Data for MIL-M=-38510/114 Bi-FET Op Amps (Commercial
Types LF155A, LF156A, and LF157A) (16 April 1979).

Within the static test parameters, the measurement and characteriza-
tion of input bias current was the most difficult, Figures 2-8, 2-9 and
2=10 show how input bias current varies typically with common mode voltage,
supply voltage and manufacturer, These figures were observed with a
Tektronix Type 577 curve tracer., Figure 2-11 shows a similar bias current
curve that was generated using the S-3260 with the op amp adapter.
Increasing temperature can also cause an increase in input bias current as
shown in Figures 2-12 and 2-13, The effect of common mode voltage on
offset voltage is shown in figures 2-14 and 2-15., Figures 2-16 and 2-17
show typical small signal transient response waveforms of the LF155, LF156
and LF157. The effect of closed loop gain on the LF157 response is also shown,

Typical slew rate response for all device types is shown in figures
2-18 and 2-19., Settling time waveforms are shown in figure 2-20, Curve
tracer displays of gain and noise are shown in figures 2-21 and 2-22,

Tables 2-5 to 2-10 are statistical data summaries of the LF155 and
LF155A series devices at -55°C, 25°C and 125°C. These tables are useful
in showing parameter yields to the initial specification limits,

Tables 2-11 and 2-12 show the distribution of data for most of the
parameters in a cryptic histogram form.

Manual test methods were used to generate the dynamic data of the dif=-
ference device types as shown in Tables 2-13, 2-14 and 2-15,
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+IiB @ 160 pA’cm

+Lig @ 160 pA/cm

Vem @ 4V/cm

Figure 2-8 Bi~FET Input Bias Current vs. Common Mode Voltage
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Common Mode Voltage
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Figure 2-12 Bi-I'ET Input Bias Current vs, Temperature
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LSS Sfe (3 Typical LF155 ;
} ) ) TR (tr) = 60 ns ;

I'R (0S) = 34~

GBW = 5.8 MHz

Ay = 1 vV

TR (tr) x GBW = .348

5.7 A TR IR .k i il

s 192

Typical LF156A

TR (tr) = 40 ns

TR (0S) = 387

GBW = 7 Miz

A\y =1 V/V

TR (tr) x GBW = ,350

Fig. 2-16. LFl5% & LF156 Transient Response.




LF S22 S 7S

TR (tr) 300 ns

TR (0S) 07

GBW = 1.1 MHz

Ay = 5 VIV

TR (tr) x GBW = .330

LES 4 w29

ii., 2-=17., LF157 Transient Respoﬁse.
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v
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10 v/us

(SR = v/ -1 @

g V from =-2,5 V
= - to + 2.5 V)
- LFE /55 Steo Rofe
@’ =
/~(y =7 ;7‘/
500 ns/em
LEFL55 slew rates @ AV = 1 v/v
SR(+) = 14.3 V/us
(ﬁ
SR )2:) SR(~) = 33.3 V/us
. SR ) (SR=.V/ LT @
Q
3 .
p f “&Lo J
: LA /SC Steces ,‘{,16 \ vV trom -2.5 V to

@ f{k < 7y + 2.5 V)

7

500 ns/cm

LF156 slew rates ot AV = [y/v

Figure 2-18. LIFI55 and LF156 §lew Rates,
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SR(+) = 40 v/us

SR(-) 50 V/us

(SR=AV/ AT @

v from - 2,5 vy

L1577 Sten AgpTe

to + 2.5 V)
&A= T
L1537 slew rates @ AV = 1 v/v
SR(+) = 33 V/us
SR(=) = 50 V/us
SR=aV/ATQ@
e SE¢) Vv from - 2.5 v
L (52 Sle. K,Te to + 2.5 V)
(~ /(p B fa/wi/

LEL97 slew rates @ AV = 5 y/y

Fivure 2-19, 11157 Slew Rate vs Gain.
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Null LT 1S5A
Frror S/N 112
@ 20 mv/cm ty = 750 ns
Vi @2 v/em AV = 1L v/v
vin = S v
Null LF156
Error
@ 20 mV/cm tg = 750 ns
Vin @ 2 V/cm AV = 1 v/v
Vin =5V

Time @ 500 ns/cm

Figure 2-20. LFL55 Series Bi-FET Settling Time,
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Vin @ 10 uv/cem

Vip @ 10 mv/em

Gt Gop Gain of
5T LSSy

K - forsz

o~ oL

Vo @5 V/iem

LF155 Open loop voltage gain Ayg (*) @ Ry, = 50 K

0/“}‘/ v’(’)‘ ' 6’74’ ‘1.' 0: ~
§ ey LE(S)
& Ko 7K

" Vo @5 V/em

LF155 Open loop voltage gain AVS () @ Ry = 2 Ko

Figure 2~21, Open Loop Voltage Gain vs Load,
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LF155

PP

S/N 19
= 50

e Rg = 502
\fg NI(BB) = 10 uwv
S = 1.67 UVrms
(\J]

=

o

>

J

Vo @ 5V/cm
* Note: Random noise has a Gaussian amplitude distribution
such that the ratio of (peak to peak) over (rms) is 6
and will not be exceeded 99,377 of the time,
1

E
2

3 LF155
o S/N 19
— RS = 50 K.
&

s NL(C) = 0 v,
>

! =0 Wyps

Vo @ 5 V/em

Figure 2-22, LF155 Series Bi~-FET Noise Voaltage.
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LF155/6/7 PARAMETER DISTRIBUTIONS & LIMITS

e, abinchisinabdibecigint

OFFSET VOLTAGE @ 25°C /%MMV)"W@ A

OFFSET VOLTAGE € —56/125°C j 2222222772772 ’

AVig/ AT @ 25/—55°C j ¥

AVIQ/AT @ 25/125°C _3_0 22\ NI°0 7773 ¥

OFFSET CURRENT @ 25°C E ‘J A |
OFFSET CURRENT @ 125°C jo| | .Jzu |
IIB BIAS CURRENT @ 25°C l;m w

IIB BIAS CURRENT @ 125°C En% i
+ PSRR, —PSRR % —55/125°C 146

CMR ¢ —55/125°C 64|70 | 135

VIO ADJ ( +) ¢ —55/125°C | (r:w [_iﬂ 13 |

0
VIO ADJ (—) ¢ —55/125°C —14.2 ] (mV)

Table 2-11, LF155/6/7 Data Distributionms.
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LF 155/6/7 PARAMETER DISTRIBUTIONS & LIMITS

—60 0
10S ( +) CURRENT ¢ 25°C L (mﬂl
0 60
10S (—) CURRENT @ 25°C | A ‘J
® 2
+VOP SWING @ 2Kn, —55/125'C [il.318.3| v)

20 —16
—VOP SWING @ 2K 0, ~55/125°C L (V)

+ AVS GAIN ¢ 10K n, —55/125°C LW/ 7 WNImV) 777773 777330k
25
—AVS GAIN € 10Kn, —55/125°C L 15K 2 ImV\ ZA 7773 15k

Table 2-11. LF155/6/7 Data Distributions (cont.).




SUPPLY CURRENT vs DEVICE TYPE@ Vg = 215V

w55 | 2°C i I 1

(20 DEVICES)| 1,c00 |
101 MAX LIMIT

T

0 A
gss | BC Uzzzerzza |

i
(B ORVICES) 15 P
102 MAX LIMIT

[
s | 5 V22274

|

(19 DEVICES)| 490¢ R }
|

03 MAX LIMIT
T T B 1

0 2 4 6 8 10 12
SUPPLY CURRENT (mA)

SLEW RATE RANGE vs DEVICE TYPE

LF155 ESRH) i
! ’ Ay = N i
€W\ 777773 (-)
101 rMh‘-J. LINIT

tF1s5| ZASRU+)

: ! 7 Av = vy
°BC\ |\ 77777 SR -
{02 MIN. LIMIT

LF157) E Y 0000074 SRA+)
0 V = 5V 1

0 10 2 30 40 50 60 70 80 90
SLEW RATE (V/uS$)

Table 2-~12. LF155/6/7 Supply Current & Slew Rate vs Device Type.
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2.5 Discussion

On a paramcter by parameter basis, a discussion of the device charac-
teristics rollows:

2.5.1 Imput OLfsct Voltage (Vig)

LF155/156/157 Family

This family of devices had very good yields in passing the V o tests
over the common mode voltage and military temperature range, The
screening limits for these devices were - 4 mV and © 6 mV at 25°C and
over the military temperature range respectively., These limits were
subsequent !y expanded to 5 mV and - 7 mV respectively, as part of
a decision to include the LF155A series op amps as separate device
types with low offset voltage in the slash sheet,

In early 1979 a GIDEP (sovernment Industry Data Exchange Program)
alert was issued on Vendor Code E LF155 devices became of high offset
voltage drift with time (greater than - 10 mV). The vendor said

that the problem was caused by contamination during the ion implant
and cleaning procedures, which resulted in a surface inversion con-
dition. A 168 hour burn-in test at GE Ordnance Systems on the LF155
series group from vendor codes A, B, C and D revealed a maximum
offset voltage shift of less than 0.8 mV. Most devices had less than
0.3 mV of offset drift,

A related problem is with short term power turn-on offset voltage
shift. The 1/15/79 edition of Circuit News reported on this phenom-
enon, Some sample testing was also done at GE Ordnance Systems
without finding any devices having this problem.

LF155A/156A/157A Family

The test yields of the LF155A series devices to the tighter limits
of - 2 mV/ 2.5 mV were considerably lower than those for the non-A
devices, Tables 2-8, 2=9 and 2-10 show this information in terms of
percent fail high and percent fail low. Overall yields at 25°C,
=55 C and 125°C were approximately 807, 667 and 927 respectively.
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2.5‘2

2,5.3

: 1
Offset Voltage Temperature Sensitivitv ( ..Vpg/ < 1)

LF155/156/157 Family

AV 0/‘3 T is a very important parameter for applications having

tigét error specifications over a wide temperature range. Offset
adjustment can not compensate for poor offset voltage drift. The
user's only guarantee is to test for this parameter to screen out
inferior devices.

With limits of - 30 uv/ C, the non-A's had yields of 947 and 97/
for the cold and hot excursions from 25°C.

LF155A/156A/157A Family

Even though the manufacturers' catalog limits of : 5 uv/ C were
relaxed to - 10 uV/'C, the test yields for the A series devices

were 437, and 907, for the cold and hot A V,./<A T measurements,
respectively., It was later determined that the LF155A devices from
vendor Code B were not prescreened to truly certify them as A's.
Follow up tests with vendor Code B indicated that good yields could
be achieved with the - 10 uVv/°C limits. From 25 C to 125°C V4 is
allowed to increase from * 2 mV to : 2.5 mV. This corresponds to an
end point shift of 500 uv/100 C = 5 uv/°C.

Input Offset Current (I;,)

Since Bi~FET op amp offset current is the difference between the
two input leakage bias currents, it is very small and also difficult
to measure, Only the zero common mode voltage condition is covered
by the /ll4 specification. Test yields were 93.57 and 647 for the
non-A's and A's respectively, against the - 20 pA limits.,

Most of the failures were traced to 156 A's and 157 A's from Vendor
Code E. Test yields were worse for the "unspecified" ~15V common
mode condition because of front end matching considerations, At

+ 15 V common mode the test yield is better because the acceptance
limit is raised to compensate for the higher input bias current.
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2.5.4

Input Bias Current (+ Iyg, - lpp)

Figures 2-8 thru 2-11 show the sensitivity of input bias current to
common mode voltage and power supply voltage. The slash sheet
specification is based on + V.. = - 20 V because of a precedent
established with previous military op amp specifications and a desire
to maintain standards for comparison.

It should be obvious from these figures that if low I;p is a
necessary application requirement, the supply voltages should be no
higher than 15 V. Also with the lower supply voltages, the common
mode voltage range is more evenly centered about zero. As the
common mode voltage approaches the negative power supply voltage,
the P-N junction between the gate and channel of the input J~FETs
becomes forward biased and forward current is pulled out of the
gate. The input common mode voltage corresponding to this "for-
bidden'" condition is within three volts of - Vqc.

Increasing the common mode voltage in the positive direction causes
reverse lcakage current to flow into the J-FET gate terminals. The
common mode voltage range over which the input J-FETs are technically
in the leakage mode varies according to diffusion characteristics,
geometry and minority carries concentrations. Also the leakage
current is almost independent of reverse voltage,

The typical diode shape increase in bias current with common mode
voltage occurs as the junction enters the avalanche or zener voltage
range. Series resistance prevents the classical zener constant
voltage characteristic from occurring. :

Process differences among the device manufacturers cause the bias
current vs common mode voltage characteristics to vary accordingly
as can be seen in Figures 2-8 thru 2-10. Since the input bias cur-
rent is J-FET gate leakage it is not surprising that this current

is highly tempe rature sensitive., Typically, leakage current doubles
for everv 10°C rise in temperature. Figures 2-12 and 2-13 show

this effect,

The test yields to the /114 specification limits were good except
for the following:

l. Vendor Code E. LF155A series devices incorporating bias cur-
rent compensation had a yield of only 16.6% for the negative
common mode low limit of - 100 pA. Bias current compensation
uses negative PNP collector current to cancel positive J-FET
gate current. At the negative common mode condition an over
cancelled situation is more likely to occur. The JC-41 Committee
has not asked for relief on this limit.
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2.5.5

2.5.6

2.5.7

2.5.8

Tnput Bias Current (continued)

2, Vendor Code C. LFi55 series devices had a yield of 30.7% for
the 125°C input bias current limits of 50 mA and 60 mA at the
zero and positive common mode conditions respectively. No
relief has been asked for this limit,

Power Supply Rejection Ratio (+ PSRR, - PSRR)

All of the devices had good yields in meeting the 85 dB minimum
limit.

Common Mode Rejection (CMR)

Good yields were obtained in meeting the 85 dB minimum limit, This
parameter is calculated from the Vi, change over the input common
mode range. Consequently, there is a close relationship between
Vio and CMR failures,

Input Offset Voltiage Adjustment (Vig ADJ (+), Vio ADJ (=)

Traditionally, the requirement for offset voltage adjustment is that
it be capable of driving the input offset voltage one millivolt
beyond the minimum and maximum limits of offset voltage., All func-
tional devices far exceeded this requirement with typical values

of 13 mv and - 14.3 mV for the positive and negative adjustments
respectively,

Short Circuit Current (Ing (+), Ing -)

The instantaneous short circuit current was considerably less than
the 50 mA maximum requirement, The short circuit current magnitude
decreases with increasing temperature for both output drive polar-
ities. 1If the output is commanded to be at the positive swing

limit and then a short circuit is made between the output and ground
or the negative power supply, the short circuit current Ing (+),
will be current limited by 86 and R} in Figure 2-1, Accordingly,
typical Ipg (+) = VI}KEQlo = 625 mV = 24 mA. Since AVpgy A - 2 mV/ C,

AT
the self heating of the device and the output transistor, will cause

the short circuit current to decrease by 80 uA/ C.

Qutput short circuit protection can not be guaranteed over the full
- 55°C to 125°C military temperature range,
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2.5.8

Under worst case conditions, the maximum internal junction temperature

Short Circuit Current (continued)

of 175°C will be exceeded at ambient temperatures far below 125 C.
The following equations apply:

1. Pp

2. T,

where Pp
Vee

ICC

Vo

IOS

T;
Ta

OJA

=2 Voo Iec + TWee = Vol Ty

o«
Ty + PD QJA

device dissipation (mW)

power supply voltage (V)

power supply current (mA)

output short circuit voltage (V)
output short circuit current (mA)
junction temperature ('C)

ambient temperature (°C)

= device junction to ambient thermal resistance (°C/mW)

Under worst case conditions and a “"warmed=-up" short circuit current

of 30 mA, the devices have the following maximum safe ambient tem=-

peratures:
r-DevichLvMaximum Safe Ambient Temp *
Type . "short'" to ground ; "short™ to supply

o1, 04 89.5°C } 22°¢C

— . B U

- 02, 03, 76 ¢C ¥ 9°C

; 05, 06 A

L |

T, a TJ = 175°C

Several 02 and 03 devices were subjected to sustained output to
power supply short circuits for several hours without incurring any

damage.,

worst case and typical parameters,

The real margin of safety depends on the differences between
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deviee top o dnotie L Lod series tamiis Phe 1o Timics e wold
Chosern por the device data disuribatien,

Output cteoe suin, Cog s T

daxioum output veltacee swing is conerally well behaved with o tisht
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pransient o csponse (x tEry, i (us))

Jith o Ciesed Loup o poin o of v che transient respense dat o ol
Che F0b s and 1 Ton devive s war osigniiicantiy raster than ti
Iinitiat fo=al committ co vocmuended Timits,

Also the LeE37 devices at a closed loop gain ol 5 V/V were slower
than the To=40 Comnittee recommended Timits.  The data and limits
are sumndrized below:

! Device sC=41 Limits z Data . 25 ¢ i
I'vpe TR(tr) ' TROS) FR(trY °  TR(OS) l
t : (ns) () (ns) () Sample
Ny ‘(min) max) (min)'(max) (min)'(max) (min) '(max) Size
Lil5> L. 300 - 40 41 55 33 47 15
/v
c LF1I>6 0 - 200 - 40 28 45 42 48 15
GOV
L1157 - 100 - 40 . 240 - 310 O 0 15
d SV/V ‘ : . , ;
R i 1 i H S |

In order to resolve the differences between the recommend limits
and the data, a second referee circuit was built and several devices
were tested again. The new data correlated with the original data.

“After verifying that the data matched, the sensitivity of the data

to the circuit components was investigated. Not surprisingly, the
teedback capacitor has a dominant effect, For instance a change
from 10 ptf to 18 pf caused the overshoot of an LF156A to decrease
from 44/ to 327, Figure 2~16 shows the typical response of an

LEL55 and an LrF156 device. The high TR(0S) overshoot failure rate
was resolved by modifying the test circuit such that for Ay = 1 V/v,
Rp = 0 . Normally closed K9 contacts in parallel with the 10 K JL
resistor of Figure 2-4 reduces the D,U.T. overshoot by making the
device less susceptible to parasitic capacitance at the inverting
input, Typically, depending on the D,U,T's characteristics, a
reduction of 107 to 207 in overshoot was achieved.
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rrecuency peles and zeros Qs zreacly reduced.

Fhe revised transicnt tesponse specirication iiaits are shown in
Table 2-16

settling Time (ts(+), ©s(=))

Settling time as derined in the 114 specification is 4 sampled
larpe signal test for the time it takes the error voltage to settle
within O.1: oI its final value. A phantom summing mede is monitored
as shown in Figure 2-5 while the DUT is exercised to produce a 10V
output pulsce. This summing mode voltage Vy is propertional to the
error voltage difference Vi between the input and output voltage

as shown below:

-
|

<
|
i
1
)

Thus for circuit gains of - 1 V/V and - 5 v/V, the null voltage is
.5 V. and ,833 Vi, respectively, For a 16\ output and 0.1" error,
the corresponding null voltage thresholds are 5 mV and 3.33 mV at
Ay = 1 v/V and 5 V/V respectively.

Figure 2-20 shows the dynamic null error voltage of scveral typical
devices. The settling time is composed of a slewing interval and
transient response interval, which depend on differunt parameters
and conditions, TFor a given device the slewing interval is pro-
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2.5.15

settline Vice (continued)

porticnal te tie vutput step chanpe, wiereds the transient responsc
inte nval is dependent on the damping ratio or the device in the
Lest vireadl,

T cltonit cbosed Teop Cain s G bie eliect on both the slewing
inturval and the transient response interval,  depending on how
the response oscillations dampen, the diffvrence between 0 1 and
06 settling time can vary trom a fractional part or cvele to

several oveles.

rhe relationship between the data and the proposed limits is tab-
ulated below:

- ~ — ]
Phevice  oata + 25 ¢ /114 A :
Ivpe _ts in (ns) . ts in (ns)

: ’ ! ! Samp le ! 1
Ay urin)  (max) Size (min) f(max)
LF155 700 1300 15 - 1500
a /v
i LF156 900 1300 15 . - 1500
pa v/
' LFL57 300 650 15 . = | 800
@ sv/v : ’ ;
l . L j

-

Noise (N (BB), NI (PC))

Broadband and pop corn noise was measured with a Tektroniks Type
577 curve tracer. Typical data displays are shown in Figure 2-22.

Broadband noise was measured with a source resistance of 50.% and
the observed peak-tc-peak readings were divided by six to yield
Gaussian rms values.

This factor of six is used because op amp noise voltage is random
and has a normal statistical distribution. One of the properties
of a normal Gaussian distribution is that the ratio of the peak-to-
peak value over the rms value is six with a probability of 99.7%.
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2.

5

)

Noise (vontinued)

ihe data is summarized as rollows:

Broadband
Noise BRI
(u \'rms) Frecuency
0.3 1
0.7 5
0.8 3
1 0 10
12 l
1.3 3
1.7 _l~

data values

i~

Total: 2

The data distribution is conservatively within the 10 u Vrms maxi-
mum limits of the /114 specification.

for the popcorn noise test only one device had an observed "pop"
of 10 u Vpk. The remaining 23 devices had no trace ol popcorn
ol

Buor =L ol it s vatual 1o

Alter the initial characterization data was taken, sixty non-A
devices were burned-in using two different circuit contigurations.
Twenty=-cight devices were exercised in the original voltage follower
circuit which uses a 2000 ohm lvad. During this 168 hour burn-in
test, the input was changed from + 5V to - 5 V after approximately
half of the time had elapsed. The remaining 32 devices were exer-
cised on a new simplified circuit which has the inputs grounded and
the outputs open. Maximum supply voltages of - 22 VDC were applied
to these devices, whereas only - 20 VDC was applied to the {irst
group. The two sample populations were chosen such that they equal
representation with regard to vendor and date code.

At the conclusion of the 168 hours, 125 ¢ rest, the devices were
cooled down before power was removed., The serialized devices were
again tested on the §-3260. The rollowing obscrvations were made
after comparing the betfore and after test data;

1. For both test circuits the post burn -in data total
failures did not exceed the total pre burn-in tailures.
In other words wood devices, in veneral, are not harmed
bv either test circuit.
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2.3.16 3urn-in circuit Kvalunation (cont.)

2. Quite often on particular devices pre burn-in failures
did not appear at post burn-in, These were mainly 10
and 1yp technical limit failures.

It was concluded that the new simplified burn-in circuit was equally
citective with the old standard test circuit. Subsequently, it was
recommended that the supply voltages be reduced to - 20 V and the

pir- 50t et -.(.fl'.lhl el Do e L lew T+ .
r NES

2B oD bun by s dld me o idd st

204 LF155 series op amps were tested on GEOS' S-3262 to characterize
their electrical parameters. Sampled bench test data was taken to
characteri-e noise and some of the dynamic electrical characteristics,
which could not be tested on the $S-3263. It should be noted that the
electrical characteristics are oriented toward automatic procurement
testing. With the exceptions of input bias current, input offset

i current, and output short circuit current, the effects of device self
heating will not cause the procurement values to differ from appli-
f cation values.

in order to minimize input bias currents and device power dissipation
it is recommended that the power supply voltages be kept no higher
than © 15 V. Although these Bi-FET op amps are guaranteed to operate
at 125 C ambient temperature, high temperature operation will cause
the benefits of low input bias currents to be lost.

The LF155 series of Bi=-FET op amps have several advantages over bipolar
devices including a more optimum combination low bias current and high
slew rate plus the ability to drive high capacitance loads., ;

“inal recommended electrical specifications for the generic LF155
series op amps in MIL-M-38510/114 are shown in Table 2-16.,
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SECTION III

CHARACTERIZAT ION OF ADJUSTABLE POSITIVE VOLTAGE REGULATORS
MIL-M-38510/117
&
ADJUSTABLE NEGATIVE VOLTAGE REGULATORS

MIL-M-38510/118

3.1 Background and Introduction

Prior characterization efforts for RADC have resulted in the develop-
ment of slash sheets for Fixed Positive Voltage Regulators and Fixed
Negative Voltage Regulators. These slash sheets, combined, specify
regulators with + 5 Volts, * 12 Volts, * 15 Volts and * 24 Volts which
‘survey showed are the predominate supply voltage requirements for
either digital or analog circuits.

Several new innovative IC and hybrid devices incorporate precision
circuitry and as such require low tolerance supply voltages. In
additien, most large systems require a variety of supply voltages to
provide power for digital circuits, analog circuits, display circuits,
transducerg, etc. The logistic problems associated with the variety
of voltage regulators needed to power these devices can be greatly
reduced by use os one of more adjustable veltage regulators together
with a few standard value resistors,

Adjustable voltage regulators are available either as 4-terminal
adjustable voltage devices or as 3-terminal adjustable voltage devices.
Each of these styles has been characterized and is included on both of
the slash sheets,

The following table shows the voltage regulators included in these
specifications:




3.1 bevice Types specilied,

r Mar<hnnnr-1— N, M
bevice ™ OQutput Voltape vutput vl RS Come e fal
Tvpe | Range current cevmdinals ooape 0 Tvpe |
11701 VS v, 0w = 0.5 - SR THRMC
11702 S v, 300V - L - L 21
L1703 1,25V "V, 37 vV - 0.5 & 3 P0=D ILMILTH
L1704 | 1,25VRgVv, =8 37 v - 1.9 4 3 P 3 IMLITR
11801 S30vRv N - (U B cire) T9MC
11802 | =30Vsg vy - N 1.0 - L= 3 79
11803 { =37V Ve -1.25 0.5 3 pirm5 LML37 1

, 11804 -3ivg v, ~l.25 0 lod 3 co=3 LMI37K

. e e -2 el ~ i A

Pescription of pevice Typus

The major phyvsical distinctions between the various voltawe repulators
characterized Jor these two slash sheets are shown in Table 3.1 [he
major distinguishing rfeatures are: 1) voltage range and polarity, 2)
maximum output current, 3) numbur ot terminals and 4) vase size,
Whereas, the 4-terminal adjustable cevulators are evolved from their !ixed
voltage counterparts by deleting the two internal resistors used to
set the output voltage and by bringing the error amplifier summing

point out of the case, the 3-terminal adjustable regulators represent
different approach in IC voltaue rewulator design and do not have 3-ter-
minai lixed voltage counterparts,

All or these devices contain protective circuitry common to many ol the
available 1. voltage regulators., These circuits include a) output cur-
rent limiting, b) short circuit protection, c¢) sate operating drea
protection and d) thermal shut down. In addition, the repulators

included in these slash sheets teature "band-pap' reference voltage
circuitry to fix and stabilize the output voltape. These reference
voltage circuits arc characterized by improved noise and lonu-term-
stabilityv, Generally, these characteristics arce 10-100 times better
than those found in standard avalanche breakdown reference voltaype
zener diodes,
in Figure 3.1,

A simplificd schematic of a band-vap relference is shown
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In this circuit, two monolithic transistors operating at different
collector current densities develop a voltage AVyg, at the emitter of
Q2. This voltage has the relationship: ASVBE = KT 1n 511; and the

q I
temperature coefficient (TC) of this voltage is positive. When the
voltage is amplified and added to the base~emitter voltage of Q3, which
has a negative TC, the resvltant output is:

. - R2

iy proper adjustment of the vain (R2/R1), the negative TC of VBEQ3 can
be made to cancel the positive TC of Avpg. The result is a voltage
relereoce that nas nearly zero temperature drift,

] A simplitfied schematic of a positive voltage regulator showing the
vacions protective circuits is shown in Figure 3,2, Ffor the negative
voltage regulators, circuit arrangement and performance is very
similar.
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TRANSISTOR
AcL

THEAMAL
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Figure 3.2. Ajustable Voltage Regulator with Protection Circuits.

The current limit circuit consists of Q2, R3 and Rgy. Resistor Rgy, is
in series with the output and carries the output current. Transistor
Q2 is normally turned off; however, as the output current increases the
voltage across Rgp, increases and transistor Q2 begins to turn on. As
Q2 conducts some of the series pass transistor base current is shunted
around the transistor to the output and the current gain of the output
circuit is effectively decreased., Thus, the total output current is
degraded by the decrease in the output circuit current gain.

The safe area protection circuit consists of diode D1, transistor Q2
and resistors R3, R4 and Rgp. In the normal operating mode, Q2 is
turned off and the current path for D! is through resistors R3, R4 and
Rcp. Since this is a high impedance path the diode current is insuf-
ficient to cause diode conduction. However, when the regulator is
operating in a current limit mode, transistor Q2 is turned on, and
diode D1 conducts through the transistor base-emitter junction, If
the V;, - Vo, Voltage is greater than the breakdown voltage of the
diode (6-8 volts), large base currents flow through Q2 and current
limiting adjust to a much lower current level. Thus, the output short
circuit current is greatly reduced as the regulator input voltage is
increased.

The thermal shut down circuit consist of a transistor Q3 that is nor-
mally biased with is base-emitter junction voltage just below conduc-
tion (Vgg = .4 V). The thermal shutdown transistor is physically
located next to the series pass transistor so that the two transistor
temperatures are approximately the same, As the serjes pass tran-
sistor temperature increases, the required base-emitter voltage, nec-
essary to turn-on the thermal shut down transistor, decreases., At
temperatures around 150°C - 190°C, transistor Q3 turns on and the base
current to the series pass transistor is shorted to ground. With these
built~in protection circuits, the voltage regulator is virtually fail
proof under the most abnormal operating conditions.
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3.2.1 VFour-terminal Adjustable Voltage Regulators j

General block diagrams for the 4~terminal adjustable positive voltage
regulator and the 4-terminal adjustable negative voltage regulator
are respectivel. shoun in Figures 3.3 and 3.4.

UNREGULATED

INPUT
B Ry + Rp ,
Vo = ‘"};‘“"(\cont)
Somar [ oo
VL1 ] A
Vcont =50V
* SERILS
PASS
CLEMENT
SYART UP VOLTAGE REGULATED
ccur AFERENCE outPuT
fres - - —o
)
L e
conNTROL |,
o - -0
T CcOMMON
Figure 3.3. Block diagram of 4-terminal adjustable positive
voltage regulators.
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Figure 3.4.
voltage regulators,

I11-5

Block diagram of 4-~terminal adjustable negative




Both regulator circuits are made up of a) a start-up circuit to
insure that the device is rapidly brought into regulation, b) a
temperature-compensated voltage reference with a current source to
eliminate the effect of the unregulated input voliage, c¢) an error
amplifier that compares a fraction of the output voltage with the
internal reference voltage, d) a scries pass regulating transistor
that controls the current output to the load, e) a series resistor
and current limit to regulate the peak output current, f) a safe
operating arca circuit which operates with the current limit circuit
to reduce the regulator's peak output current as the input voltage
increases and g) a thermal shut-down circuit that turns off the pass
transistor when its temperature exceeds 150 ¢ - 1907C,

Circuit variations exist between each of the 4-terminal regulators
as a result of the polarity differences and as a result of the maxi-
mam output current differences, A detailed discussion of the regu-
lator circuits can be found in reference 1 listed in Section 3.6,

3.2,2 Three-terminal Adjustable Voltage Regulators
General block diagrams for the 3-rerminal adjustable positive voltage

regulator and the 3-termiral adjustable nesative regulator are,
respectively, shown in Figures 3.5 and 3.6.
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Figure 3.5 Block diayram of 3-terminal adjustable positive voltaue
regulators.

IiT=-6




Common

i R

by

r—-“ - - . e e ma e mm— ,___o
Ad justment
, v ° o
; Regulated
output
R
v, = 2B (1.25
Rp

500

{
1554
‘l PROTECTIUN
e CtACUITS et

= —0 Unregulated
input

Figure 3.6. Block diagram of 3-terminal adjustable negative voltage
regulators,

The 3-terminal adjustable voltage regulators vary markedly from the
4-terminal adjustable voltage regulators. The most outstanding
feature of the 3-terminal regulators are that a) the quiescient cur-
rent flows out of the regulator output pin instead of
flowing out of the regulator adj (common) pin, b) the only current
flowing out of the regulator adj pin is a low level current (50 uA)
for the reference circuit, c) the error amplifier is
a fixed unity gain amplifier and is therefore easily frequency stabi-
lized, d) the voltage reference circuit does not require a special
start-up circuit and e) large voltage stresses are restricted to the
series pass transistor and to the on-chip current sources. The volt-
age (Vo - Vadj) is a constant 1.2 volts. 1In addition, circuit re-
finements have resulted in improved thermal and load regulation. A
detailed discussion of the regulator circuits can be found in ref-
erence 2 listed in section 3.6.




3.3 Device Chardactorization

Characterization of the 3-terminal voitagze regulators was pertormed in
two parts. The static tests tirat measure the d.oc. parameters were per-
formed on tie fektromix $=-3203 Antomat ic Jest svstem at -33% ¢, 25 ¢ and
125 ¢. 1he d'namiv tests including transient tests and g.v. tests were
pertormed in a bench test setup at 2+, The characterization etrort
ror the 4-terminal voltace reculators was vreatly reduced because of the
similarity in design between the 4-terminal adjustable repuldators and
their 3-terminal tfixed counterparts., ine 3-terminal 1ixed regulators
have been chiaracterized in previous contracts to RADC and a report on
this effort is provided in reterences 3 and 4 of section 3.6.

3.3.1 Automatic Test Development

Software was developed for the Tektronix $~3263 test svstem to provide
for automatic testing of both the positive and negative adjustable
voltage regulators, All static tests recommended bv the JC-41 Commit-
tee and some GEOS added static tests were included as part of the
software package.

3.3.1.1 S-3263 Test Adapter

The test adapter, shown in Figures 3.7 and 3.8, was designed to
provide an interface between the DUT and the Test Svstem. The
adapter has the ability to test positive and negative, 3-terminal
and 4~-terminal, 1/2 amp, 1 amp and 1.5 amp regulators. This cap-
ability is achieved by using a separate plug-in carrier for each

i type of DUT. The carrier contains the input and output capacitors for
the DUT, and plugs into the 5-3263 main test adapter. In addition,
the DUT protection diodes, and the current regulators and transistor
used in the start~-up circuit are on a separate l6-pin DIP carrier
and are changed when the voltage polarity of the DUT to be tested is
changed. Also the main current carrving power Darlington transistors
are plug-in and can be changed from NPN to PNP or vice versa when
the voltage polarity of the DUT is changed. Other plug-ins include
load resistors and output voltage fixing resistors, In addition,
the voltage measurement system has made extensive use of Kelvin
test leads to insure that measurements are made at the precise point
of interest,

3.3.1.2 Test Circuits and Procedures

The static test circuits developed for these characterization efforts
were designed to permit regulator testing by either automatic test
systems or by bench test instrumentation. Schematics are shown in
Figures 3.9 and 3,10 and the test circuit set ups are listed in
Tables 3.3 through 3.10.
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The main DU'T currents are carried by separate buses and are con-

trolled by the automatic test system via the power Darlington
transistor circuits. lhroueh use o1 external power supplies, the
adapter test circuits permit control of currents that are larger
than the current capacity ot the automa ic test system,

The input power Darlington transistor circuit can force the value

of the DUT input voltage and can be used to control it for testing

a) output voltage versus input voltage, b) line regulation, c) short
circuit current versus input voltages, d) start up, e) line transient
and t) ripple voltage rejection., The output power Darlington tran-
sistor circuit can be used to torce a current and measure the voltage
or to force a voltage and measure the current., The circuit can be
controlled for testing a) output voltage versus load current, b)

load regulation, c) thermal regulation, d) short circuit current,

¢) voltage recovery, and f) load transient. The current-to-voltage
amplifier is used to measure the milliampere and microampere cur-
rents for a) the standby current drain tests, b) the control cur-
rent tests, c¢) the adjust pin current tests and d) the quiescent
current test under a forced voltage condition,

VouT» VRLINE , VRLOAD & Vgry Tests

All of the output voltage measurements use Kelvin sense leads and
are measured differentially to the DUT reference point, The sense
lead for the output voltage, line and load regulation measurements
is terminated with a test clip lead., The clip lead is clipped to
the DUT output lead 1/8 inch from the case. The voltage measure-
ments are differentially comparcd to the output of a d.,c. voltage
standard and the differcnce voltage is amplified to optimize the
best test measurement accuracy. The test circuit is as shown in
Figure 3.11.
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3.3.1.2.2

The circuit is used to measure line and load regulation on the
IM117 and LM137 regulators. For the LML17 regulator the output
voltage varies from 1.2 volts to 1.3 volts. With the voltage
standard set to - 1.056 volts, the op amp output is

and for 1,2 VSV, <& 1.3 vV
.63 6 volts £ V. MS 1,078 volts

When two successive measurements are made, the two measured values
are

, .
V= 442 V) - 4.66752
) L]
Vjt = 4.42V§ - 4.66752

These measurements are. subtracted to determine the differen-
tial voltage,

”
M

and the voltage regulation is determined by the expression

vy =442 v -v))

M -V

¢ w
AVy =Vy -Vy
—&.57

Output voltage measurements are made by using a resistive voltage
divider network. The network divides the voltage so that for an
output voltage range 1.2 V & V,€ 1.3 V, the measurement voltage
range 18 .923 Vv S vy € 1.0 V. ®rhis permits measurements to be
made at the top end of the 1 volt range rather tlan at the bottom
of the 10 volt range. An alternate test circuit for these mea~
surements is discussed in Section 3.5.

Iaopy and Ig., Current Tests (Line & Load)

currents of the LM117 & LM137 are measured while perfarming
line and load regulation tests by using a current-to-voltage
amplifier., The main reasons the $-3263 current measuring capability
is not used is as follows:

1) inadequate accuracy & resolution for AI measurements

2) reduces the chance of damage to test system if gross
failure of device under test occurred.

I11-10

s g A




3.3.1.2.3

The current-to-voltage amplifier uses an LF155 op amp which is
selected because of its low input bias current and because this
minimizes errors. The gain is selected for the best DVM measure-
ment range. The output of the amplifier is then coupled to an
external voltmeter under IEEE bus control. The relationship of
the measured voltage to the current is

The amplifier is also used to measure the Igop current for the
4-terminal regulators, Relays are used to control the currents
applied to the op amp summing point,

IQ Test and Toonrroy. Test .

The current-to-voltage amplifier design includes a mode of opera-
tion that allows forcing of its summing point to a specified
voltage value. When the quiescent curremt (I,) is to be measured
for the LM117, the summing point is forced to 1.4 volts and is
connected to the regulator output terminal. The current that
flows out of the regulator under these conditions is the quiescent
current, The measured amplifier output voltage and the quiescent
current have the relationship

I = Wy = VF)
Q- Rf

For the LM137 the forced voltage is - 1.4 volts and the circuit
operation is as defined above, -

The measurement of the IconTRol current for the 4-terminal regu-
lators is similar, The control pin is connected to the summing
point and is forced to the proper voltage by setting the amplifier
non-inverting input voltage (5.0 volts for the positive regulators
and -2,23 volts for the negative regulators). The measured ampli-
fier output voltage and the control current have the relationship

VM - Vp)
Rf

IconrroL =

In addition to steering the proper currents to the summing point,
relays are used to change the current~to-voltage gain for the
control current measurement.
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3.3.1.2.4

3.3.1.2.5

Ins., IPEAK & VOUT Recoverv Tests

Snort circuit (Igg) and peak output current (Ipgpg) tests are
performed by programming the load circuit power Darlington network
into a second mode via relay control & S-3263 system. This mode
of operation forces the output voltage of the regulator for a
given time into short circuit (VOUT = @ V) on Ippag current con-
ditions (forces to predetermined regulator output voltage). The
resultant currents are measured through a 1 ohm sensing resistor
in series with the Darlington circuit via the $-3263 measurement
subsystem.

The Vour (recovery) test is measured bv first removing the regu-
lator from the forced output condition and then allowing the out-~
put voltage to recover into a resistor, capacitor load after a
given time. This test was added to determine if the regulator is
capable of re-starting itself after short circuit conditions and
provides important application information to the user of the
regulators.

VsTagr Tésts

The start-up circuit consists of an input Darlington circuit which
provides the necessary fast turn-on characteristics as well as a
programmed input voltage to the regulator's input. The start-up
circuits shown in Figures 3.7 & 3.8 measure the ability of the
regulator to respond to extreme combinations of input voltage, and
load currents by measuring the output voltage after a predetermined
time. The load resistance during testing is shunted bv a 20 ufd
capacitor to simulate total distributed by-pass capacitors found

in many system applications.

Although.los,nlpﬁﬁK & Vour (recovery)~€ests are listed separacely ‘
they are, in fact , combined as part of the Vgpapr tests and

provide a very subjective set of conditions to the regulator.

The order in which the tests are performed is shown in Figures

3.12 & 3.13 and 1s stated as follows:

1) Starting circuit applies input voltage to regulator.

2) Igg or Ippag test forces the regulator output to the specified
voitage value and

3) Vgur recovery test allows the regulator to recover into a
load circuit,

[11-12
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3.3.1.3 Test Accuracies And Correlation

All of the adapter test circuit gains and scaling factors are deter-
mined by using a precision voltage standard and a precision volt-
meter, The precise gain value is used in the software program to
calculate the test results from the measured data. Aside from some
initial circuit stability problems, the most basic problems encoun-
f tered while developing the test circuits and programs dealt with the
§-3263 machine measurement accuracy. The $-3263 could not achieve,
by itself, the accuracy or resolution necessary to meet the desired
10:1 test accuracy required for good test measurement systems. Es-
sentially, the accuracy problems encountered during the measurement
of the test parameters are overcome by increasing the gain of the
signal to be measured and by level shifting the signal value to
allow use of the most accurate portion of the most accurate measure-
ment range.

= S ot L A i

Without the use of the current-to-voltage amplifier, the test system
resolution on any current range would be sufficiently bad to render
the A I pj measurements meaningless. The current-to-voltage ampli-
fier has a gain of 2000 V/A for all Ippy, Igcp AND Iy measurements

and its gain is 33200 V/A for the IcoNTROL current measurement. The
desired measurement accuracy for measuring Voyt was readily achieved
by scaling the signal voltage to a more accurate part of the voltmeter
range, However, because of resoltuion these measured values were

too inaccurate to be used toc calculate line and load regulation. The
test circuit described in section 3.3.1.2.1 provides a gain of approx-
imately 4.42 over the direct output voltage measurement and gives
sufficient accuracy.

The results of the test accuracies achieved during characterization
are gshown in Table 3.11. There are few parameters where the $-3260
tests fai}eg_go meet the desired 10:1 test acguracy.. . . . .

As can be seen from Table 3.ll, the basic S-3263 measurement accuracy
would have failed to meet the 10:1 test accuracy. However with the
additional circuitry incorporated into the S-3263 test adapter, the
desired results were achieved.

A plot of the measured voltage ve percent error voltage on the S-3263
shows the basic capability of each range. Factored into these curves
are the following:

1) percent of range
2) offset voltage
3) resolution

I111-13




Another ¢oncern in selecting measurement ranpes is the time required
to sample and the time for the measurcment svstem to settle out. aAn
example ¢of the t.pes ot problems encountered while sclectine 5-3263
ranves is as tollows:

1y 100 m\' range: best resoltion, werst accurdey, worst settling
time

2y b & 10 volt ranpe: best accurac . dest settline time
However in m king delta measurements of \V, ¢,
the resolution can be a signiricant error
term, and a8 dominating facter when selecting
ranges.

Over all, the $-3263 still has one of the best sampling rates (200
samples/sec) which exceeds an external TEEE DBM by at least an order
of magnitude. However, it is still necessary to consult the $-3263
measurement accuracv table before developing $-3263 test capabilitv.
Figures 3,14 through 3.18 show the basic test system accuracies for
each voltage range.

The initial attempts to correlate data on the $-3263 test system to
bench data. brought to light the svstem inadequacies in making mea-
surements discussed above. Tne predominate vrrors were the gross
instabilities of the delta measurements as a result of the machine
resolution. At this time, the machine accuracies were checked for
each measurement and the need for special test circuits was deter-
mined. With the addition of the new circuits to the adapter, cor-
relation was checked and found to be well within the 207 requirement
for correlation (ie - 107 measurement error tor each test set up).

Bench measurements were made using the test adapter as a carrier for
the DUT. The adapter was checked to determine that it was capable
of forcing the proper voltages and currents bv programming the test
circuits. Currents were checked by inserting an ammeter in series
with current to be measured. Voltage measurements were then con-
verted to calculated current values and were compared with the mea-
sured values, Absolute voltage measurements were taken at the DUT
pins and were compared with the measurements at the sense line out-
puts and finally load regulation measurements were checked on an
oscilloscope using a ditferential input pre-amplifier capable of
measuring 10 uv/cm while the load current was changed the specified
amount . The actual output voltage measurements at the DUT were then
compared to the differential amplifier output measurements.

[i1-14
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3.3.2 jench Tesus

pyvnamic tests tor the voltace regulators include a) ripple rejection,
b) line transicnt response, o) load transient response and d) output
noise. lhese tests were run on the 1LM117 and LM137 adjustable voltage
regulators.  No dinamic tests were run on the 78MG, 78G, 79M9 and 79G
because of tieir similarity tu the 7800 and 7900 voltage regulator
ramilies which were characterized on a previous contract,

i Bench test circuit schematics are shown in Figures 3,19 thru 3.26. The
' noise test circvuit schematics are shown in Figures 3,19 & 3.20. The
test is performed using an oscilloscope with a differential preamplifier
that has bandwidth control. The bandwidth was set to have a pass band
from 10 Hz to 10 kHz and the peak~to-peak measurement of the noise was
made. The ripple rejection test circuit schematics are shown in Figures
3.21 & 3.22. The test was performed using the ahove oscilloscope.

The bandwidth was adjusted to reduce the high frequency noise without
affecting the 2400 Hz ripple frequency. The 2400 Hz ripple at the
regulator was measured on the oscilloscope as a peak~-to-peak voltage.
Line transient response and load transient response test circuit
schematics are shown in Figures 3.23 thru 3.26. The peak measurements
were made on a high frequency oscilloscope.

3.4% Test Results and Fvaluation of Data
3.4.1 LML117H Adjustable Positive Voltage Regulator

Tabulation of static test data taken on the S$-3263 Automatic Tester
for the LM117H Adjustable Positive Voltage Regulators is shown in
Tables 3.12 thru 3.14. Because of the small sample of ten devices
statistical analysis of the data was not performed. All of the devices
save one met all of the parameter tolerances recommended by JC41 Sub-
Committee on voltage regulators. The one device, serial number 4,
failed load regulation. The specification for this parameter is

* 3.5 mV. The measured value was -4.75 mV. Analysis of this failure
was done by measuring the device parameter in a bench set up using an
oscilloscope. Pictures of the measurements were taken at the case,

on the output lead 1/8 inch below the case, and on the output lead

3/8 inch below the case and are shown in Figures 3,27 thru 3.29,
respectively, The load regulation measurements at these points were
approximately 1 mV, 4.5 mV and 9 mV, respectively, As a result of
contact with the vendor, on this and other similar failures reported
herein, it was learned that the leads on the T0O-5 type cases are made
of Kovar. The resistivity of Kovar can be as much as 28 times that of
copper (see reference 5 , section 3.,6). This high resistivity is
the reason for the high load regulation measurements. The results and
recommendations associated with this problem are discussed in Section

3.5.2.
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3.4.2

*t0-200 mA: THe devicés met all ofher paraméter tolerances recommended

Two units, serial wmbers 5 and 6, tailed thermal reculation at -35 (.
Since this measurement is not recommended at either =33 ¢ or 125 €,
these devices were not considered tailures. However, these two units
have been sent to the vendor tor their measurement and analysis.

Tabulation ot dynamic 'test data taken in a bench test set up for the
LML17H Adjustable Positive Voltage Regulators is shown in Table 3.15.
The tests were performed at 25'C and are of a) ripple rejection, b)
output voltage noise, c¢) line transient response and d) load tran-
sient response, All of the bench measurements made on these devices
were stable and showed reasonable sate margin tor the recommended
tolerances. Oscillographs of the Line and lLiad Transient Re-ponses
are shown in Figures 3.30 and 3.31.

LML117K Adjustable Positive Voltage Regulators

Tabulation of static test data taken on the S-32~3 Aatomatic Tester

for nine LMI17K adjustable positive voltage regulators is shown in
Tables 3.16 thru 3.18, All of the devices met the tolerances recom-
mended by the JC41 Subcommittee on Voltage Regulators.

Tabulation of dynamic test data taken in a bench test set up is shown
in Table 3.19. All of the devices met the tolerances recommended byv
the JC-41 Subcommittee on Voltage Regulators. Oscillographs of the

line and load transient responses are shown in iigures 3,32 and 3.33.

LM137H Adjustable Negative Voltage Regulators

Tabulation of static test data taken on the $-3263 Automatic Tester
for ten LM137H Adjustable Negative Voltage Regulators is shown in
Tables 3,20 thru 3.22. All of the devices failed load regulation for
current changes from 5-to-500 mA. The vendor was contacted on this
matter and confirmed the problem. The vendor has issued a letter on
this problem and recommends that the current changes be reduced to 5-

by the JC-41 Subcommittee on Voltage Regulators.

Tabulation of dynamic test data taken in a bench test set up is shown
in Tables 3.23. The devices met all of the parameter tolerances recom-
mended by the JC-41 Subcommittee., Oscillographs of the line and load
transient responses are shown in Figures 3,34 and 3.35.

LM137K Adjustable Negative Voltage Regulators
Tabulation of static test data taken on the $-~3263 Automatic Tester
for eight LM137K Adjustable Negative Voltage Regulators {is showm in

Tables 3.24 thru 3.26. The devices met all of the parameter tolerances
recommended by the JC-41 Subcommittee.
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Tabulation vf dvnamic test data taken in a bench test setup is shown
in Table 3.27, The devices met all of the recommended parameter

tolerances. Oscillographis ot the line and load transient response
are shown in Iigures 3,36 and 3.37.

Comparison of Test Data on 3-terminal Devices

The average values of the measurements of the 3-terminal adjustable
voltage regulators is shown in Tables 3,28, 3,29 & 3.30 for temperatures
of 25°C, - 55 ¢ & 125 C, respectively.

Four-terminal Devices

Because of the similarity in the design of the 4-terminal adjustable
regulators to their 3-terminal fixed voltage counterparts, a full
characterization effort of these devices was not originally planned.
Some one ampere negative adjustable regulators with date codes 7639
showed some anomalies in their electrical performance. Devices with
more recent date codes have been requested from the vendor and data
will be obtained on these parts for the next report.

s @3 * & 8 @& o - @ "~ e

111-17




e e

3.5 <conclusions and Recommendat ionas

3.5.1

Test Circuits

The large currents ( - 1 Amp) required to test these and future voltage
regulators cannot be supplied or controlled by most automatic test
systems. The test circuits designed for testing these voltage regula-
tors are capable of interfacing with external power supplies and
forcing the DUT input voltage levels and output load current levels,
The power Darlington transistors can readily carry and control the

5 amps needed for the short circuit current and start-up tests; how-
ever, future voltage regulators needing 2-3 times this current will
require different Darlington transistors than those used for these
characterization efforts. The op amps used in these test circuits
have relay switches connected to their inputs that change their oper-
ating mode during the test. Because of these switches, special stabi-
lizing circuits may be required for the op amps.

The low level input circuits can be controlled by any automatic test
system capable of forcing voltages between + 15 volts and - 15 volts.
Although the test technique for measuring line, load and thermal reg-
ulation was adequate for these characterization efforts, it required

a DC voltage standard. A more complex circuit is shown in Figure 3.38
which may be more desirable for production testing when additional
resolution is needed by the test system,
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3.5.2

The regulator output is simultancously applied to the input of the
sample/hold amplifier and to one input line of the summing amplifier,
Prior to a time t = ty, the S/H amplifier is in the sample mode. At
t = t,. the S/H amplifier is switched to the hold mode. After settling,
the output voltage ot the summing amplifier is measured. This voltage
is an error signal (E) and is nominally O volts., At t = t], the reg-
ulator is stimulated to a new line/load condition. At a predetermined
time after this (ie .5 ms), the output voltage (Vg) of the summing
amplifier is measured. This measurement is proportional to the dif-
ference between the voltage regulator output at tj + .5 ms and the
voltage regulator output at tg,. From these measurements we can cal-
culate that the regulation is
v. - E
v = _S ____
AR " Tk

Devices Under Test

The voltage regulators discussed in this section were tested on the
S$-3263 to determine their static electrical characteristics at 25°c,
-55"C and 125°C. The devices were also tested in a bench type test
setup to determine their dynamic (ie. transient AC) electrical charac-
teristics at 25°C. The data shown in Tables 3.12 thru 3.27 indicates
absence of data from some parts. These parts failed during test devel-
opment as a result of improper voltages or polarity being applied to
the regulators. None of the devices is known to have catastrophically
failed in an operating test circuit.

The most signiticant parameter failure was the failure of load regu-
lation for the LM137H voltage regulator, The vendor has confirmed
these failures and suggests that load regulation, for Vijnp = - 6.25 V,
be performed for 5 mA éIL € 200 mA. O0S agrees with this decision;
however, since the part is a 500 mA voltage regulator, it should also
have a load regulation test performed for 5 mA € Iy € 500 mA. 0S also
recommends that the limits shall be * 20 mV at 25°C and * 25 mV for

- 55°C LT, £ 125°C.

There is evidence in the published literature (reference 6, Section
3.5) that start-up and voltage recovery problems exist in some 3-
terminal fixed voltage regulators. When the output of the regulator
is shorted to ground under conditions of high input voltage, the safe
area protection circuit turns on and may force the regulator output
current to zero. Under these conditions, the safe area protection
circuit maintains a zero current condition even after the short is
removed. Consequently, the voltage regulator may not recover from a
short circuit condition until the input voltage is removed and then
reapplied. The timing sequence (shown in Figures 3.12 and 3.13) has
been devised by 0S to provide a rapid start-up condition into a maximum
load resistance to insure start up with a voltage
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step function, from 0 to Vj,, at the DUT input, b) a short circuit
condition at the output to measure the current limit and ¢) voltape
recovery check to insure that the device will recover under a maximum
resistive load co dition when the short circuit is removed. This test
has been recommerded by 0S to provide functional assurance of the
device's start-up ciapability under adverse system conditions. The
test conditions and parameter tolerances recommended by 0S and the
JC~4]1 Subcommittee on Voltage Regulators are shown in Tables 3.29 thru
3.36.
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Figure 3.9. Positive voltage regulator test circuit for static tests (cont'd).
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Negative voltage regulator test circuit for static tests (cont'd).
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tests.
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Figure 3,12,
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e
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Jos Test
(forced Vypup » © vollfs)

Positive voltage regulator timing sequence for Vgrapr
Tos & Vour RECOV.
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OUTPUT
0.U.T. ) CONTROL

74.:/(0”4
i

+ rms
.OuF
O F ¥ (SEE

NOTE 1)

(se& wore 3y

pevice Table
Device 01 02 03 04
Type 78 MG 78 G IM117H IMLL7K

ViIN 10v 10v 6.25 Vv 6,25 V

Ry 100a.| S0.a 25_0 12.5_n.J

Ry, shall be type REF 70 or equivalent.

The meter for measuring eorms shall have a minimum bandwidth from
10 Hz to 10 kHz and shall measure true rms voltages.

No = eo rms.

The control pin connection is required for device types 0Ol and
02 only.

3.19. Noise test circuit for positive voltage regulators.




LSO

VIN
G -
é R.
2:23KaA é R
/ L
(S&& More 3)
{ SR
22K
Ci
Device Table
Device - 01 02 03 04
Type 79 | 795 LML37H LM137G
VIN "10 V -10 V "6.25V -6.25 V
Ry, 100 | S50 25.n 12.5.n

Ry shall be type RER 70 or equivalent,

Notes:
1. The meter for measuring eyrmg shall have a minimum bandwidth from
10 Hz to 10 kHz and shall measure true rms voltages.
2, N, = e, rms,

3. The control pin connections and resistors (R} and Ry) are required

for device types 0l and 02 only.

Figure 3.20. Noise test circuit for negative voltage regulators. 2

I11-36 =




10
r—@——m_ e (s€& voray)

V., (€€ TaBce e .
son | W Y &,
INPUT ouTpPuT rne
(¢ B A"'A' O
- ; (
50 SEEVOTEZ)
T > Ry
(SEE
t48¢£)
O—
Device Table
Device 01 02 03 04
Type 78 MG 78 G IMLl17H IM117K
Ry, 40.2a | 14.3 A 10, 2.5.a
The input 50.n. resistor and Ry shall be type
RER 70 or equivalent,
Notes:

1, e; =1 Vems @ £ = 2400 Hz (measured at the input terminals of the DUT)
ripple rejection = 2- log €ifMs
eorms

2, The control pin connection is required for device types 01 and 02 only.

Figure 3.21. Ripple rejection test circuit for positive voltage regulators.
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/10.n
r—@—m- e (s€¢ vorey)
Yy (SE€ TABLE) PR
S0 | ypur ourpurt Corn
oA — pu-T a4
CONTROL
14) Aow | R
LONF lopmF 2-23Ka
= souF — (seepore 2
: i /i ¥ Gwo -W+ p ) R .
3 2
| 22 Ka (s¢€
L TA8LE)
o— ? -
ﬁ Device Table
' Device 01 02 03 04
Type 79 MG 79 G LM137H LM137K
Lt VIN -10v [-10V | -6,25V | -6.25V
3

The input 50 resistor and Ry shall be type
RER 70 or equivalent.

Notes:
1. € =1 Vy,g @£ = 2400 Hz émaasured at the input terminals of the DUT)

ripple rejection = 20 log Sirms
Corms

% 2, The control pin connection and resistors (R] and R2) are required
for device types Ol and 02 only.

Figure 2,22. Ripple rejection test circuit for negative voltage regulators.




i
o
on gt Y1 (SEE TABLE ) _
/
a2 T byt CUTPUT
O~ AN — D.U.T. ‘ PrYr-Ton + O
Tas3/ g omm (scenore &) |
\GHO + é QUTFUT
>
~d
— S50.F "O/‘-T S R (SEE TaBLE)
h |
(se& 743ce) I -
o 1 ]
i
t | ! R <
TLH——] e — e—"THL

- Alez 30V
| ;

(Swpur : ! ' :‘ - - - -

&2 T48LE _:S

__)_/L'tf’ PN T Uy (SEE TABLE)

QUTPUT AvYour
—_— . Pevice Jablv ) "
Device 0l . 02 03 4 1
_Type 78 MG 78 ¢ 1Mll7y l.Mly_(_:ﬁ_“_.;gLs-.;_i
_UYJN _ 10 v . 10 v _ 6.25V ‘ 6,25V N 1 j
__VIN 3.0V 3.0v 3.0V 3.0V 1 4
RLA ] ]..ZSKA ) l.ZSK_n‘ 120 . 120.a. - .
tpyLE tppy, 2.0us  5.0us 5.0us 5.0us ' 1 ]
N YIS S | 4 - ¥ O S
Notes:

1, Measured at device input.

2. Pulse width tp} = 25 us; duty cycle - 3. (uaximum)

3. Oscilloscope bandwidth = 5 MHz to 15 MHz.

4,

The control pin connection is required fer device typvs 0Ol and 02,

Yigure 3.23.  line transient response Ltest circoit tor positive voltace
resvulators,
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[T~
;'; """S-OA%‘_';”J(S.'JE. T~Bis |
!

455 YA \,UTPUT Vauf

e e e AL\ S e — -’;Jb C.U. T. : aw'nn., * —
l
GNOD 275 kn OUTPUT

\L (Scs VOTE
3 50» ’ R.(s€€ 1482€)
T O.1 mf .2 2K
0

(SE€ T48LE) | (se& Ta3ce)

Viv (s£& 748:8)

nput ——\’\E*— T

5/\)07"))' - - - —— —
+ | n , (|
THL —  Lam - Ty
L P

QA Ve (5E6 TalLr)

ouUTPUT 1 - 2VOUT

Davice Table

Tpevice ' 0l T o0z ' 03 T 04
_ _Type__ TMG__ 796 LM1374 LM137K __ NOTES
Vix -1ov -10v  -6.25V  -6.25V 1
Uiy -3V -3 -y v 1
R, 1.25K o, 1.25K,,. 120.n. 120.n.
;LIEL=tTEHJA3°0“s 4_51925*__5l925_L___ilgus' 1

Notes:
1. Measured at device input,
2. Pulse width t;,] = 25 us; duty cycle = 3 7 (maximum)
3. Oscilloscope bandwidth = 5 MHz to 15 MHz.
4. 7Vhe control pin connection and resistors (R); and Rp) are required
for device types 01 and 02,

-

ivure 3.24. iine transient response test circuit for negative voltage
reculators,
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Vo Sense

<

C>Rﬂv

la
Sw

-5V

Figure

3.25. Load Lransieat response test circ it tor esitive veltaco

Device Table
T T T hevice Oy Ty T Ty T Y T oL T Ty
e Tvpe  _78MG_ 78 _tMILTH
Rl 0 0 249 4. 249 ..
Ra 50K 3.0k a0

L -50ma -lOﬁdA_ TS50my ~700my

I -200ma  -400mA  -200ma “400m\

Vi -0.49v -0,99v  -0.45v -0.95V

Vi . ;Z.ov, -4ov L =200V L Saov .,

o]

regnlators,
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? Vr (s€6 worag)
1 OVouT

“’“"T - 1.' 1 Vout

..__——-.—.—_.———.-—_.-—I_

AL
k Lo vy cartent paths (00 1,00y are indicated by bold lines.
2o selvin conncctions mast be used for all output current and voltage
medsulviaent s,
r S % iy stabidization networks mav vary with test adapter construction.

Alterate deive cirvuits tor the 286294 may be used to develop the
propor lead current and input voltage pulses.

#. he pulse weacrator for the pulse load eircuit shall have the following
haradteristics, (sve device Table 111)

a0 aodtave loevel (\'l) = - 10 (IL ~ VO/(Rl + Ry) volts
bo  Pulse width (tp2) = 25 u sec.

cooauty cycle = 37 (maximum)

de Upyp =ty = 1.0 usec for device types Ol and 02

oot HL = Ly = 9.0 usec for device types 03 and 04

! Difterence voltage level (o Vi) = 10 (1) volts

5 ooV Gge = 300 W maximam for device type 01
bo “aVour = 1000 mV maximum for device type 02
Co Vg = 120 mV maximum for devices type 03 and 04

(fhese values guarantee the specified limits for load transient
response., )

b, oscilloscope minimam bandwidth shall be 9 MHz to 15 MHz.

vere 3020 toad transient response tust cireuit ror positive voltage
e zalaters roont Tdoy



Vie Sense
%4
o our
- Sease

f<

ii eo;zJ

c+5V

Device Table

[ Tpevice “”'—_61——*’-“63-_"#'55"'1“ oL T
L __Tvpe 79MG 9% pME37i ) LMI3TR
R1 2.71K4  2.21K 249G ;.. 249 A
['"""{{2"“""5.74'_, 2.74K o N R 0]
T T T 0ma ”"‘165&(‘: 50my ] 700 |
B 1L 200md | 409my | 200mA | 40DmY
o i 0.49v | 0.90v [ 0.450 17 0.95v
Vi 2.0\ 4,0V 2.0 4.0V
Figure 3.24 Load transivnt responsce test cirovit tor nesat jve velta, o
revalators.,
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OUTPUT
(SEE NOTE 2)

Notes

g A an il A

. heavy current path (1 =% 1.JA) are indicated by bold lines.
2. kKelvin connections must be used for all output current and voltage
measurement s,
3. Op amp stabilization nutworks mav vary with test adapter construction,
. Alternate drive circuits for the 2N6296 may be used to develop the

proper load current and input voltage pulses,

o~

The pulse gencrator for the pulse load circuit shall have the following
characteristics. (sec device table)

a. Voltage level (V) = 10 (1 - Vo/(Ry + Ry) volts
b. Pulse width (tpz) = 25 u sec

¢. Duty cycle = 37 (maximum)

d. LPHL = trLH 1,0 u sec for device types 01 and 02
Cootpul * tyen = 9.0 u sec for device types 03 and 04
I. Difterence voltage level (A V) = 10 (1) volts

% a. Viout = %00 mv maximum for device type 01 i

b, Ve = 1000 mv maximum for device type 02 ;

¢Vt T 60 mv maximum for devices type 03 and 04 @
(Ihese values guarantee the specified limits for load transient
I‘\'Spnnsc..)

6, Oscilloscope minimum bandwvidth shall be 9 MHz to 15 Miz.

iv.re 3.2%. load transient response test circuit for negative voltage
revilators (cont 'd).




EMLL7H Load
Vo= 5 v/ om
< .2 ms/em

SCVSED AT casg

Clrore 3020, vscillocran, ot

Al e Jase,

LM LTR fead

Vo= ) mV/em

o L2 ms/em

Rewvabat von

Revtlat 1on

o .
LEASET  fReMCASE

it

I'mit
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EE




7

PR LN unit <4

O <obie cay or oD H load resnlation measured 3/8" below

LMTE7H Line Transient Response

C/em o= oy my nit #2

ifime/om - 5 us

R coowcoran oo oo Tine teansiont response test,

LI~ 4k




ML g oad Frams o nt RDostons,

V/em o= 02 mait a0

Time/em = 5> us

Cicvese 3.3 oscitlocrapn o L e boad transient o response test.

LMLLTK Line Transient Responsc

v/em = 5 omV tnit =2

Time/cm = 5 us

Fiyure 3.32. Oscillograpi: ot iMI17 line traasic t response test.,

1Ei=47 .
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thin L Hds lent Response

& o (nit =1

i v .33, scitiverap ot +117F load transient response test.

LMI37H Line Transient Response

v/em = ,020 Unit #1
[ime/cm = 5 us

e

onre 30350 osciblesraps o L13TE line transient responsce test.

1T1=- 48




s, s

Eob oy cac Tatis s ent

P

Figure 3,35, Oscillocrapn ot 1370 Lowd Cravsiont o SPUT O -
IMISIK Line @ransient HesSponia
Vem = 020 tnit -}

Iime/cm = 5 ys

Flewre 3,360 Oscillorraps o1 19130 lise transient cesporse et

Fh=49




PMUS/E toda Transient gespoensc

Viom o= .02 tnit 1
timefem = 5 us

Eonre 303 Dscillocrapis for LMISTK lead transient response test.
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iesl Auaptec Accuravaes,

i I{ Required $~3200 Basic §-3260 Test
: H lLimits Test _Accuracy Meas. Accuracy Result
arameter Coevice I Tow ! odhiipn ig: ) 4y ; 1/ Accuracy 2/ {Units
— D " i : = a
lI,Ml);';e, K ;-1.27SVL;1.225v *2.9 CHG2% '26.2-20.3 ‘13.4-3.5 mv
VLT 1 =VOUTS rfﬁllfu, [ ;-I.ZOOV;-K.BOOV ©5 12,5 ‘20.2-26.3 *3.4-3.8
\RLINE {lﬂ]ff”' [ AAI+9 LY 12.25 $52.4-52.h 42
ML, )l T .9 2.25 '52.4-52.6 O]
N RLOAD MU, K ek +h 0.6 ‘1.5 $52.4-52.6 .42
MU0, Ko§[-3.5 +3.5 *0.35 +.88 152.4-52.6 + .42
VRLOAD2 IME37H, K JI-6 +6 ) -1,5 ©52.4-52.06 <47
LMV, K {[=3.5 +3.5 '0,35 +.B8 152,4-52.6 V62
VRTH IMU3 A, Kgf=5 +5 LS +1,25 152.4-52.6 2462
TMILTH, K [|=5 5 5 1,25 ||°52.4-52.6 42 Y
{ADJL IML37H, K || +25 +100 <6.2 +15.6 +,425-,800 +.007-.014 uA
IMLL7H, K [[-100 -15 +5.75 14,38 -.375-.800 +.005-.014
1ADI2 | IM1370, K Jj+25 +100 16,2 +15.6 +.425-.800 +.007-.014
M7y, K {-100 =15 5,75 14,38 ', 375-.800 +.005-.014
NIADJL IME3TH, K [1-5 +5 .5 ‘1,25 ©.85-1.6 ‘.014-.028
ML, KO([-5 +5 .S +1,25 t.75-1.6 +.01-.028
DIADJ2 LMI37H, K {|-2 +5 *.5 +1.25 +.85-1.6 +.014-.028
ML, K]]S +5 S +1,25 ., 75-1.6 +.01-.028 Y
LM1374 500 1800 165 1162,5 ©.725-6.98 +.725-6.98 mA
1081 & TMI37K 1500 3500 - 100 +250 4+7.25-7.45 +7,25-7,45
TPEAK IMEL17H -1800 =500 - 165 « 216245 +.725-6,98 +.725-6.98
LMIT7K -3500 | -1500 100 +250 17.25-7.45 +7.25-7.45
LM1374 50 500 122.5 156,25 Jl+.16-.725 +,16-,725
1052 LMI37K 200 800 +60 +75 V. 74-.76 2. 74-,76
LMLIL7H =500 =50 +22.5 +56.25 +,725-.16 1.725-.16
LML17K -800 -200 +30 +75.0 1.76=.74 +,76-.74 |
1Ql, 1Qz LMI37H, K |}.200 3 1140 +350 13,5-40 +.37-1.54 uA
LML17H, K [{=-3 -.500 +125 +312.5 |[+5-40 +3.76-0.4
1Q3 LMI37H, K {1 5 +200 4500 +30-50 +3.6-4.15
IMIL7H, K [|-5 -1 +200 +500 +30-50 +4.15-3.6

NOTES: 1/

"§-3260 Basic Meas.,

Accuracy" indicates the accuracy obtainable

§=3260 test system to measure the parameters directly.

"$-3260C Test Result Accuracy” indicates the accuracy obtained using external

using the

circuitry and external measurement equipment under $-3260 comtrol.
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f
Table 3.,28. Comparison of 3-Terminal Device Data (25°C)
condition ! o |
Parameter |[Viy| (V) |1£|(mA) . {IML17H ! IML17K | LM137H | LML37K  Units 3
T
VouT1 4.25 5 +1.240 . +1.246 | -1,252 | -1.255 v
Vour2 4.25 1 Tyy +1.233 ; +1.245 | -1.245 ' -1.250 : Vv
Vour3 41.25 5 +1.247 ;+1.251 | -1.255 = -1,257 v
VoUT4 . 41.25 I, +1.245 ~+1.248 | -1.254 , -1.257 | ¥
. , !
VRLINE 4251 s +5.771 | +4.235 | =2.477 | -2.418 mv 1
41,255 | ; | : ;
VeLoADL ' 6.25 5 -5.237 i - .050 | +11.39 . +4.722 ' mv
: TmAx ‘; é ' :
VRLOAD2 41.25 | s -1.663 ' -2.174 @ +l.041 , + .749 | mv
oI } i r
. VTR 4125 T +2.941  +3.142 : omy
!  14.60 | I3 , |+ .430 , #1.032 =
| i ! i
_ | Iapy1 L 4,25 5 | =50.11  -55.761  +68.64 | +66.78 | A
t . (LINE) b 1
. Tapy2 41,25 S | -50.74 56,127 | +71.67  +69.78 | uA
| (LINE) | f ; - ;
| 8 Tapg | 4.25 5 ;- -635 - .365 | +3.026 |+3.003 | A
. (LINE) | 41.25 , ; ‘
' A Tapy . 6.25 5 - .682 '~ .155 -1.090 | - .519 uA
. (LoaD) IMax . | ; | :
i : : i .
b i Iosl 4.25  |Vour=0V i-1.240 ,-2.711 .+1.216 ! +2.29% A
| Vour RECOV 1+1.236 141,247 1 -1.241 | -1.250 v
' Iog2 40.00  |Voyp=0V - .226 - .471 [+ .340 |+ .6l4 A
VoUT RECOV +1.249 +1.251 @ -1.254 | -1.257 ' Vv,
IpEAK 4.25 |lwoyrl =-1.0v; -1.241 | -2.409 | +1.221 | +2.340 A
Vour RECOV +1.236 +1.247 | -1.241 |-1.250 | V
, i
1Ql 4.25 ({lvoyri =1.4v |-1:293 '-1.318 |+ .408 |+ .4l4 mA
1Q2 14,25 |lVgyp|=1.4V |-1.443 | -1.670 |+ .478 |+ .554 ' mA
1Q3 41.25 ||Vour| =1.4V |-3.487 |-3.729 |+1.913 | +2.034 mA
i !
VSTART 4,25 Tmax +1.234 |+1.246 |-1.241 | -1.250 v
Iy = -500  |-1500 ' [+500 | +1500 ' ma | ‘
I] = - 50 - 200 [+ 50 + 250 mA
I, = -125 - 500 - - [ ma |
= - - +750 +1500, | mA |
111-97




Table 3.29. Comparison of 3-Terminal Device Data (~55°C)

Condition | 1 !
Parameter [JVIN|(V) [|Ig] (mA) LMI17H | LML17K LMI37H LML37K  !Units
Vour1 4.25 5 +1.240 | +1.246 | -1.253 | -1.252 |y
VouT2 4,25 ImaX +1.234 | +1.,245 | -1,244 | -1.248 |V
Vour3 41.25 5 +1.245 | +1.249 | -1.256 | -1.255 1 v
VouTsa 41.25 I +1.244 | +1.247 | -1.256 | -1.255 Vv
VRLINE 4.25} 5 +4.830 | +3.192 | ~3.846 | -3.620 ‘mv
41.25
VRLOAD1L 6.25 5 + .328 | + .842 | +8.642 | +3.195 |mV
IMAX b |
VRLOAD2 41.25 5 'i = 2927 ) + .943 |+ .927 |+ .537 -V
I P
VRTH 41.25 I, +4.083  +3.657 —_ —_— my
14.60 I4 [ — ] — - .124 | + .057 mV
IypJl 4,25 5 =40.57 | -46,51 | +74,10 | +70.97 uA
(LINE) .
Iypy2 41.25 5 -42.30 | =46.76 | +77.31 | +74.36 [uA
(LINE) i
A Iapg 4.25 5 -1.729 | - .249 | +3.200 | +3.381 juA
(LINE) 41.25 '
Alapg 6.25 5 -1.435 | - .382 { -1,568 | - .832 |uA
(LOAD) IMax
Ipsl 4.25 Vour=0v -1.258 | -2.751 { +1.192 | +2.241 A
Vour RECOV +1,238 | +1,246 | -1,244 | -1,248 v
Ios2 40,00 Vour™ov - .329| - .698 | + .387 |+ .736 A
Vour RECOV +1,248 | +1,249 | -1,256 | -1,255 v
IPEAK 4.25 hvom'--l.ov -1,262 | -2.315 | +1.202 | +2.192 A
Vour RECOV +1,237 | +1.245 | -1.244 | -1.248 v
|
1Ql 4.25 Wour)=1l.4v | -1,023 | -1,052 | + .315 | + .334 imA
1Q2 146.25 IVouri=1.4v  -1,380 | -1.461 | + .410 | + .486 |mA
1Q3 41,25 Woyrl=1.4v | -3,377 [ -3.632 | +1.964 | +2.107 |mA
VSTART 4,25 IMAX +1,235 | +1.245 | -1,244 | -1.248 v
Tvax ™ =500 -1500 | +500 +1500 mA
I = - 50 -200 |+ 50 + 200 mA
I = -125 - 500 - - mA
I3 = : - - +750 +1500 mA




Table 3.30. cComparison of 3-Terminal Device Data (125°C)
! Condition
| Parameter [V y (V) [I2 (ma) LM117H | LM117K | LM137H | LMI37K Units|
' Vour1 4.25 s |+1.235 |+1.238 | -1.254 | -1.256 v
. Vour2 4.25 | Twax +1.225 |[+1.235 | -1.240 | -1.249 v
. Vour3 41.25 5 +1,242 | +1.243 | -1,256 | -1,257 v
VOUT4 41,25 19} +1.240 | +1.239 | -1.255 | =1.257 v
 VRLINE 4.25 5 +7.250 | +5.077 | -=1.946 | -2.177 mv
' 41.25
VRLOAD1 6.25 $ -5.101 |-1.269 | +15.09 | +7.182 mv
Imax '
VRLOAD2 41.25 5 -2.500 |-3.519 | +1.595 | + .905 my
, 51 : :
VRrH 41,25 Iy +2.104 | +2.702 mv i
14,60 I3 + .882 | +1.484 mv :
' Tapn 4,25 5 -55.36 | -60.63 | +74.00 | +70.65 uA
- (LINE) ;
IADJ2 41.25 5 -55.95 | -61.03 | +76.84 [ +73.50 uA _
(LINE) :
Alxp; 4.25 5 - .585 |- .408 | +2.846 | +2.852 uA
(LINE) 41.25
Alapy 6.25 5 } - .235 |+ .022 |- .581 | - .295 uA
(LOAD) ImAx
Ios1 4.25  |Vour=ov -1.187 | -2.354 | +1.195 | +2.170 A
Vour RECOV +1,228 |+1.237 [ -1.240 | -1.249 v
. los2 40.00 |vour=0v - .235 |- .431 |+ .318 |+ .563 A
Vour RECOV +1.244 | +1,243 | -1.256 | -1,257 ' {
" IpgAK 4,25 udVourl"l-OV -1,186 | -1.990 |+1.196 | +2.104 A
VouT RECOV +1.227 | +1,236 | -1.240 | -1.249 v
1Ql1 4.25 (IVoyrl=l.4v [-1.450 (-1.478 |+ .474 | + .455 mA
1Q2 14.25 |)Vour)=l.4v [-1.714 |-1.771 |+ .521 | + .559 mA
13 41.25 ||Voyp)=1.4v |-3.396 |-3.591 | +1.805 | +1.818 mA
| VSTART 4.25 | hax +1.225 |+1.236 | ~1.240 | -1.249 v
DImax = -500 -1500 | +500 +1500 mA
) Iy = - 50 - 200" |+ 50 + 200 mA
1 Ip = -125 - 500 - - mA
I3 = - - +750 +1500 mA
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Table 3.31.

Electrical performance characteristics for device type 01 (78MG)

(See 3.4 unless otherwise specified)

[7 Condition: (Fig. 12 unless otherwise
Characteristic] Symbol stated) Limits
Input Voltage] Load Current Other in. [Max. Unic#
Output Voltage| Vour {VIN= BV IL=-5mA, -500UmA 37 7515.45 V
VIN=30V IL=~5mA, -50 mA
| VIN=10V 11,=~5mA TA=150°C 1/
VIN=38V I =-500mA R1=24.9KJL [28.5(31.5
R2= 4.99K L
Line regula- | VRLINE|8V#VIN 30V 11,=- 50mA Figure 12 |-150]150 mV
tion SVSVIN 25V IL,=-350mA Waveform - 50[ 50
oad regula- | Vgroap|ViN= 10v -500mASI] €-5mA] Figure 12 -100 [100
tion Vin= 30V = 50mA<I| &5mA{Waveform -150 1150
Thermal regu- [ VRTH. |VIN= 15V 11,=-500mA Tp=25°C - 50| SO
lation Figure 12
Waveform
Standby cur- | Igcp |VIN™ 10V Ip=-5mA ~7.01-0.5] mA
rent drain VIN®= 30V I1,=-5mA -8.01-0.5
Standby cur- A Igcp|8VeVinN=30V I} =-5mA -1.0} 1.0
rent drain (Line)
change versus
[line voltage
Standby cur- |a Iscp|Vin = 1OV -500mA 41| =-5mA -0.5} 0.5
rent drain (Load)
change versus
load current
Control pin IcTL |VIN = 1OV Ip=-350mA Tp=25°C -5.0(-0.0F A
current <55°C#T, = |-8.0-0.0} A
125°C
Output short I0s1 (Vi = 10V Figure 12 -2.01-0.0} A
klrcuit cur- [Tos2 [VIN = 30V waveforms [-1.07-0.0
rent ‘
[Output volt- 2/
age recovery |Voyr IVIN = 10V Rp,*104;C1 =204F| After Iggy f.7515.25 \'
after output [|(RECOV) [Viy = 30V L= After Ipg) :
short circuit
Jcurrent I
Voltage start-| VSTART |[VIN = 20V RL=10Q;C1L*204F .7515.25
up
Ripple rejec- |laviIN |VIN = 10V Ip,=-125mA Figure 13 ° 45| -- dB
tion X‘T(;ET Ci ™ 1lVims TA=25°C
Q@ £= 2400 Hz
Output noise
voltage VNO Vin= 10V I1=-50mA Figure 14 -- |125 Juyrm,
TA-25°C
BW=10Hz to
10kHz_
ine trans- AVoyr [VIN®™ 10V IL=-5mA Figure 15 -~ 130 jv/v
ient response |ayTy |VPULSE®3.0V Tp=25°C
oad trans- aVour [VIN= 10V I,=-50mA Figure 16 ~- 2.5 jmV/mA
ient response At Al1=-200mA TA=25°C

II1-100




3 Table 3.31.
NOTES: 1.

2.

3.

(Cont'd)

All tests performed at Tp=125°C may, at the manufacturer's option,
be performed at Tp=150°C. Specifications for T,= 125°C shall then

apply at TA=150°C.

Output voltage recovery test shall be performed, with the

designated load conditions, immediately after removal of the
10s test forced output voltage condition. Voltage recovery
for conditions other than those specified is not guaranteed.

Static tests with load currents greater than 5mA are performed
under pulsed conditions defined in Figure 12.

I1I-100A




Table 3.32.

(See 3.4 unless otherwise specified)

Electrical performance characteristics for device type 02 (78G)

Characteristic

Symbol

Condition: (Fig. 12 unless otherwise
stated)

Limits

Output Voltage]

Vout

Input Voltage

Load Current |

Other

Min.

Max.

Units

VIN= 8V
VIN=30V
VIN=10V

I;,=-5mA, ~1000
IL=-5mA, -100
IL.=-5mA

37

TA=150°C 1/

4.75

5.25

v

VIN=38V

11.=-1000mA

R1=24.9K A
R2=4,99K L2

28.5

31.5

Line
tion

regula-

BVEV 1230V

1,=-100mA

Figure 12

8VEVIN£E25V

TL.=-500mA

Waveforms

-150

150

- 50

50

Load
tion

regula-

VIN=10V
VIN=30V

~1000mA® 1. %- 5mA
-100mA%IL,£-5mA

Figure 12
[Waveforms

-100

100
150

Thermal regu-
lation

VIN=15V

I11,=-1000mA

TAS25°C
Figure 12
Waveforms

50

Standby cur-
rent drain

VIN=10V

I1,=~5mA

-0.5

"VIN=30V

IL=-5mA

-0.5

Standby cur-
rent drain

change versus
line voltage

8VEVINE30V

TL=-5mA

1.0

Standby cur-
rent drain

change versus
load current

IVIN=10V

-1000mAZ11.4-5mA

Control pin
current

VIN=10V

11,=~500mA

ITA=25"C
Asver,

£125°C

Output short

VIN=10V

Figure 12

circuit cur-
rent

VI§535V

Waveforms

Output voltage
recovery after
output short
circuit cur-
rent

ViN=10V

RL=541; C1 =20uF

After Ipsl
2/

VIN=30V

RL=1K.2

After 1052

oltage start-
up

VIN =20V

Rp,=54;C1 =20uF

Ripple rejec-
jtion

ViN=10V
Ci*1Vrms
(@f=2400 Hz

I1,=-350mA

igure 13
A=25°C

Output noise
voltage

Vin=10V

TL.=-100mA

Figure 14
TA=25°C
BW=10 Hz to
10kHz

ine trans-
ient response

VIN=10V
VPULSE=3,0V

I,=-5mA

Figure 15
TA=25°C

oad trans-

ent response

ViN=10V

I;=-100mA

Figure 16

11, -400mA

TpA=25°C

IT11-101




Table 3.32.

NOTES: 1.

(Cont'd)

All tests performed at Tp=125°C may, at the manufacturer's option,
be performed at Tp=150°C. Specifications for TA=125°C shall then
apply at Tp=150°C. ) .

Output voltage recovery test shall be performed, with the
designed load conditions, immediately after removal of the
Ios test forced output voltage condition., Voltage recoyvery
for conditions other than those specified is not guaranteed.

Static tests with load currents greater than 5mA are performed
under pulsed conditions defined in Figure 12,
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Table 3.33. Electrical performance characteristics for device type 03 (LM117H)
(See 3.4 unless otherwise specified
Condition: (Fig. 12 unless otherwise
Characteristic| Symbol stated) Limits
Input Voltage | Load Current |  Other | Min.|Max.|Unit
Output Voltage| VouT [VIN=4.25V I1.=-5mA, -500m4 3/L.200p.300[ v
VIN=641.25V I,=~5mA, - SOmA
VIN=6.25V I1,=~5mA TA=150°C 1/
Line regula- | VRLINE|[é4.25VEVN Ip=-5mA TA=25"C -9 9| mv
tion £v,1.25V -55°CETA -23 | 23
€125°C
Load regula- | VRpoaD |Viy=6-25V -SOOmAélLf-SmA T,=25°C -3.5| 3.5
tion kSS C‘T -12 12
125°C
VIN=41.25V  |-50mA%I; S-5mA  [T4=25°C -3.50 3.
-55°CSTA -12 | 12
. £125°C
Thermal regu- | VRTH. [Vin=1l4.6V I1,=-750mA TA=25°C -5 5
lation
Adjust pin Iapg |[Vyn™4.25V 11,=-5mA -100] -15 | paA
current VIN=41.25V IL=-5mA -100] -15
Adjust pin AIADJ [4.25VSIg Ip=-5mA -5 d
current change| (LINE) |$41.25V
versus line
voltage
Adjust pin 41sp; [VIN=6.25V -500mAS Ty €-5mA -5 5
current change| (LOAD)
versus load
current
Minimum load | IQ %, 25VSVIN £3.00F0.50] mA
current 14.25V forced
vour=l.4V
ViN=4l.25V
forced Vourt -5.001-1.00| mA
=1.4V
Output short |[Ipgyp {VIN=4.25V rl.8 |0.5 A
circuit cur- |Igs2 [VIN=4OV -0.5 +0.05) A
rent
Output volt- Vour |[VIN=4.25V RL'Z SILCL’ZQp fter Ing 1.20001.300] V
tage recovery (RECOV*VIN'QOV 1 ¥Z503L a}
after output pfter Ios2
short circuit
current
Voltage start-|VgTART [VIN=4.25V RL'Z.SJkCL'ZqPH L .20001. 300
up
Ripple rejec- [AVIN [VIN=6.25V 11.*~125mA igure 13 65 | -- dB
tion Avorr |Ci®1Vrms A=25°C
avour (3f0=2400 Hz
Output noise |Vyo ViN=6.25V 11,=-~50mA igure 14 -- 1120 {pVrms
voltage A™25°C
W=10Hz to
10kHZ

I111-102
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Table 3.33. Electrical performance characteristics for device type 03 (LM117H)

(Cont'd) (See 3.4 unless otherwise specified
Condition: (Fig. 12 unless otherwise
haracteristic] Symbol stated) Limits
Input Voltage| Load Current Other Min. |Max.]Units|
Line trans- |aVoyr |ViN™6.25V I1,=-10mA Figure 15 -- 6|mv/v
:ient response |& VIN=3.0V TA=25°C
oad trans- IN |Vin=6.45V I =-50mA Figure 16 -- [0.6 }mV/mA
ient response |AT A1, =-200mA Tp=25°C

NOTES: 1. All tests performed at Tp=125°C may, at the manufacturer's option,
be performed at Tpo®150°C. Specifications for Tp=125°C shall then
apply at TA=150°C.

2. Output voltage recovery test shall be performed, with the
designated load conditions, immediately after removal of the
Ios test forced output voltage condition. Voltage recovery
for conditions other than those specified is not guaranteed.

3. Static tests with load currents greater than 5mA are performed
] under pulsed conditions defined in Figure 12.

I11-102A
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Table 3.34. Electrical performance characteristics for device type 04 (LM117K)
{(See 3.4 unless otherwise specified)
Condition: (Fig. 12 unless otherwise
Characteristic] Symbol stated) Limits
Input Voltage Load Current Other Min.] Max.| Units
Output Voltage| Voyr |[VIN=4.25V IL=-5mA, -1500 3/ [1.200f1.300 v
VIN=41.25V IL=-5mA, -200mA
VIN=6.25V Ip=-5mA TA=150°C 1/
Line regula- [VRLINE[&4.25%1IL I1,=-5mA TA=25°C -9 9 mV
tion <41.25V -S5°CZTA =23 23
£125°C
Load regula- |Vgppoap|VIN=6.25V -1500mA<1; S-5mA TpA=25°C -3.51 3.5
tion ~55°CETy -12 12
£125°C
VIN®41.25V  |-150mASI[2-SmA [a=25°C__ |-3.5] 3.5
-55°C5Tx -12 12
1£125°C
Thermal regu- |VpTH. |VIN=14.6V 11,=-1500mA TA=25°C -5 5
lation .
Ad just pin IADJ [VIN®4.25V IL=-5mA -100{ -15] pA
current VIN=41.25V I1,=-5mA =100 -15
Adjust pin ALAD] |4.25VAVIN I1,=-5mA -5 5
current (LINE) [£41,25V
change versus .
line voltage
Adjust pin ATIADJ |VIN=6.25V ~T500mA %11, £-5mA -5 5
current (LOAD)
change versus
load current
Minimum load Iq 4.25VEIL, -3.00+0.50| mA
current <14,25V
forced Vour
=1.4V
VIN=41.25V -5.00~1.00] mA
forced Vour e
=1.4V
Output short {Igg1 [VIN=4.25V -3.50~1.50 A
circuit cur- |Ips2 {VyN-40V ~-1.00}-0.18 A
rent -
Output volt- {Vour [VIN=4.25V 1=.8334;CL=20pBAfter I0sl [L.200]L.300 \'
age recovery | (RECOVYVIN=LOV EL’ZW-“- v 2/
after output After Ips2
short circuit
current
Voltage start-| VGTART |[VIN=4.25V FL=.833ﬂ;cL=Zqu .20011 . 300
up
Ripple rejec- |[AViy |VIN=6.25V Figure 13
tion aour [Ci=lVrms 11.=-500mA TA®25°C 65( -- | dB
@f0=2400 Hz
Output noise |[Vyo VIN®=6.25V 11,=-100mA Figure 14
voltage TA=25°C
BW=10Hz to | =--| 120 juVrms
10kHz
TTI-103 ;
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Table 3.34,

Electrical performance characteristics for device type 04 (LM117K)
(See 3.4 unless otherwise specified)

{(Cont'd)
Condition: (Fig. 12 unless otherwise-
Characteristic] Symbol stated) Limits
Input Voltage [Load Current Other |Min.{Max.| Unit
Line trans- Qvout ViN=6.25V I;=-10mA Figure 15
ient response {4 VIN=1.0V TA=25°C -- 6 |mv/v
oad trans- Vour [VinN=6.25V I=-100mA Figure lb6
ient response [&Tf AT =~400mA TA=25°C ~= ]0.30] mV/mA

NOTES: 1.

All tests performed at TA=125°C may, at the manufacturer's option,

" be performed at Ta=150°C. Specifications for TaA=125°C shall then

apply at Tp=150°C.

Output voltage recovery test shall be performed, with the
designated load conditions, immediately after removal of the
Ips test forced output voltage condition. Voltage recovery
for conditions other than those specified is not guaranteed.

Static tests with load currents greater than 5mA are performed
under pulsed conditions defined in Figure 12,

“ em® & o - e ae
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Table 3.35. Electrical performance characteristics for device type 01 (79IMG)
(See 3.4 unless otherwise specified)
ondition: (Fig. 12 unless otherwise
Characteristic|Symbol stated) Limits
Input Voltage | Load Current Other | Min.] Max. [Units
Output Voltage|Voyr |[VIN=-8V I1,=5mA, 500 3/ v
[V IN=-30V IL™=5mA, SOmA
VIN=-10V IL=5mA A=150°C 1/
VIN=-38V IL=500mA  [R1%27.4kN
2=2,21k 0.
Line regula- [VRLINE |-30Vevin%-8V | I1p=50mA igure 12 mV
tion =25V4VIN<-8V | 11,=350mA aveforms
Load regula- |[VRLOAD [VIN=-10V SmA2I1 2500mAFigure 12
tion VIN=-30V SmASI] <50mA Waveforms
Thermal regu- |VRTH. [VIN®-15V 1.=500mA Ta-25°C
lation Figure 12
Waveforms
Standby cur- Iscp [VIN=-10V IL=5mA 0.1] 3.0 mA
rent drain’ VIN=-30V 11,=5mA 0.1]4.0
Standby cur- [&Igcp [-30VEVINS-8V | I =5mA -1.0] 1.0
rent drain (LINE)
change versus
line voltage _
Standby cur- [aISscD [VIN=-10V SmA <11, %500mA -0.5[0.5
rent drain (LOAD)
change versus
load current .
Control pin IcTL IN=-10V I11.=350mA TA=25°C 0.004 2.00| pmA
current -55°C4Ta 0.00Y 3,00} mA
=125°C '
Output short |Ipsl [Vin=-10V igure 12 0.002] 2.0 A
circuit cur- |Ips2 [NiN=-30V Waveforms 0.0021 1.0
rent
Output voltage|Vouyr |[VIN=-10V RL=10M;CL  After Iosl [-5.25 -4.75% V
recovery after|(RECOV) SR B7{!)' ¢ S IR J -
output’ short VIN==-30V RL=5k {2 After Ipg2
circuit cur-
rent .
Voltage Start-|VSTART [VIiN=-20V Rp=10a;CL «5.29 -4.7
u ’ =20uF
Ripple rejec- laViN [Vyy=-10V Ip=125mA Figure 13 45 --1 dB
tion avoup [Ci*lvrms TA=25°C
@f=2400 Hz :
Output noise {Vyo Vin=-10V I1,=50mA [Figure 16 -- 250 aYrms
voltage TA=25°C
BW=10Hz to
10kHz
Line trans- |aVoyuT [VIN®-10V IL=5mA Figure 15 -- 0| mv/V
ient response |aUTN_ (VPULSE=-3.0V TA=25°C
Load trans- avouT VIN'-IDV Ip=50mA Figure 16
ient response oIl aI1=200mA [TA=25°C -- 2.SImV/mA
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Table 3.35.

NOTES: 1.

(Cont'd)

Al)l tests performed at TA=125°C may, at the manufacturer's option,
be performed at TA=150°C. Specifications for Ta*125°C shall then
apply at TAa-150°C.

Output voltage recovery test shall be performed, with the
designated load conditions, immediately after removal of
the Igs test forced output voltage condition. Voltage
recovery for conditions other than those specified is not
guaranteed.

Stétic tests with load currents greater than 5mA are performed
under pulsed conditions defined in Figure 12.
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Table 3.36. Electrical performance characteristics for device type 02 (79G)
(See 3.4 unless otherwise specified)
Condition: (Fig. 12 unless otherwise
Characteristic| Symbol stated) Limits
Input Voltage] Load Current Other | Min.[ Max.|Unit
Output Voltage|Voyr [(VIN=-8V I1,=5ma , 1000mA| 3/ F5.25¢4.75 \'
VIN=-30V IL=5mA, 100mA
VIN=-10V 11,=5mA TA=150°C 1/
VIN=-38V I =1000mA 1=27.4k  [-31.5-28.5
=2.21k 3
Line regula- |VRLINE|-30VAVINS-8V |I1=100mA Figure 12 -150( 150/ mVv
tion -25VEVIN%-8V |I11,= S500mA aveforms - 75 75
Load regula- |VRLOAD{VIN=-10V SmA ST11,51000mAFigure 12 -100{ 100
tion VIN=-30V |5ma<11,£100mA Waveforms -150 150
Thermal regu- |VRTH. |[VIN=-15V ; 11,=1000mA TA=25°C - 50 50 |
lation Figure 12 i
Waveforms }
Standby cur- | Iscp ([VIN=-10V IL=5mA 0.8 3.0f mA‘
rent drain VIN=-30V I IL=5mA 0.5 4.0 f
Standby cur- [AISCD [-30VEVIN£-8V 'IL=5mA -1.00 1.0 i
rent drain (LINE) :
change versus )
line voltage ! j j
Standby cur- [aIscp |VIN=-10V  SmAST1, £1000mA -0.5 0.5! §
rent drain (LOAD) i
change versus ! E
load current ' §
Control pin IcTL |VIN=-10V 11,=500mA TA=25°C 0.01{ 2.00; pA |
current -55°C&Ta 0.001f 3.00f nA
£125°¢
Output short Ios1 [VIN=-10V igure 12 0.002| 4.5 A
circuit cur- Ios2 |VIN=-30V aveform 0.002| 2.0
rent i
Output voltage|Vour |[VIN=-10V RL=54;C1=20pFAfter 10Sl1 2/-5,254,75! v
recovery after| (RECOV)VIN=-30V RL=5kQ fter 10S2 )
output short
circuit cur-
rent )
Voltage start-{VSTART [VIN=-20V Rp=54;C1=20u ~5.25F4.75
up
?ipple rejec- |AVIN [Viy=-10V I1,=350mA igure 13 45 | -- dB
tion AVouT |ci=1vrms TA=25°C
@f=2400Hz
Output noise ([VNO VIN=-10V 11, =100mA Figure 14 == [ 250 |pVrms
voltage TA=25°C
BW=10Hz to
10kHz
Line trans- avouTt |ViN=-10Vv I =5mA Figure 15 .- 30 [mv/V
ient response [4VIN |VPULSE=-3.0V TA"25°C
Load trans- aVout (Vin=-10V 11,=100mA Figure. 16 -=12.5 [mV/mA
ient response |aIy. Al1,=400mA TA=25°C

I1I-105
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Table 3.36. (Cont'd)

NOTES: 1. All tests performed gt Tp=125°C may, at the manufacturer's option,
be performed at TA=150°C. Specifications for Tp=125°C shall then
apply at Ta=150°C.

2. Output voltage recovery test shall be performed, with the
designated load conditions, immediately after removal of the
Ios test forced output condition. Voltage recovery for conditions
other than those specified is not guaranteed.

3. Static tests with load currents greater than 5mA are performed
under pulsed conditions defined in Figure 12.
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Table 3.37. Electrical performance characteristics for device type 03 (IM137H)
(See 3.4 unless otherwise specified)

B e

ondition: (Fig. 12 unless otherwise .
Characteristic|Symbol stated) Limits
Input Voltage | Load Curren Other | Min, Max. Units
Output Voltage|VoyuT |VIN=-4.25V IL=5mA, 500mA 3/-1.300-1.20 v
VIN=-41.25V |11 =SmA, 50mA
VIN=-6.25V 11,=5mA TA=150°C 1
Line regula- [VRLINE |[-41.25V4VIN  |IL=5mA TA=25°C -9 9 nVv
tion “-4.,25V -55°C Ta -23 |23
125°C
Load regula- |[VRLOAD [VIN=-6.25V SmAZT1,2200mA [TA=25°C -6 6
tion -557C4Ty -12 | 12
£125°C
[SmAZTLZ500mA [TA=25°C -12° |12
-55°C%Ta -24 | 24
2125°C
VIN=-41.25V |SmASILS50mA [TA=25°C -6 6
-55°C%Ta -12 |12
SR = <125°C
Thermal regu- 'VRrH. [VinN=-14.6V I1.=750mA TA=25C -5 5
lation ;
Adjust pin 'IADJ  |VIN®=-4.25V IL=5mA 25 (100 Ty
current VIN=-41.25V IL=5mA 25 |100
Adjust pin ATaDl -41,25VEIy, Ir=5mA -5 5
current (LINE) |€-4,25V
change versus |
line voltage
Adjust pin alapy [VIN=-6.25V SmA <11, 2500mA -5 5
- current | (LOAD) ’
change versus
load current
Minimum load |Iq -14.25V4V 1y .20 B.00 .| mA
current £-4.25V i
k. . . . ....L...fotcedmln"“ L ot
=-1.4V )
VIN®=41.25V {1.00 ]5.00
forced Vour )
=-1.4V
Output short ;Iosl |VIN=-4.25V .5 1.8 A
circuit cur- {Igs2 [VIN=~40V 0.05 P.5 A
rent
r.&Kput voltage|VoyT [VIN=-4.25V RL*2.5a;C;, |after Iggy |-1.30 -1,200] V
recovery after| (RECOVIVIN=-40V =20pF 2/
output short RL*"250n After I1os2
circuit cur-
Voltage start~|VgTaRT [ViN™-4.25V RL=2.54;C, -1.300-1.200
=20uF ~
%ﬁﬁple rejec- [aVIN [VIn=-6.25V I=125mA Figure 13
tion aVouT [Ci=1Vrms TA"25°C 48 -- ds
@f0=2400 Hz .
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Table 3.37. Electrical performance characteristics for device type 03 (ILM137H)
(Cont 'd) (See 3.4 unless otherwise specified)
Condition: (Fig. 12 unless otherwise
Characteristic] Symbol |- stated) Limits
Input Voltage | Load Currend Other {Min.|Max.|Unitsd
Output noise | VNO VIN=-6.25V [1,=50mA Figure 14 -~ | 120[pvrms|
voltage : A=25°C
BW=10 Hz to
10kHz
Line trans- AVOUT JVIN=-6.25V 11,*10mA Figure 15 -- 80|mv/V
ient response LQ VIN {aviN=-1.0V TA=25°C
Load trans- |4 VOUT [VIN=-6.25V I;,=50mA Figure 16 -~ 10.30 |mV/mA
ient response (417, AIL=200mA [Tp=25°C

NOTES: 1.

be performed at Tp=150°C.

2. Output voltage recovery test shall be performed, with the
designated load conditions, immediately after removal of the

Ios test forced output voltage condition.

Voltage recovery

for conditions other than those specified {s not guaranteed.

All tests performed at TA=125°C may, at the manufacturer's option,

3. Static tests with load currents greater than 5mA are performéd
under pulsed conditions defined in Figure 12.

IT1-106A




Table 3.38. Electrical performance characteristics for device type 04 (LM137K)
(See 3.4 unless otherwise specified)
Condition: (Fig. 12 unless otherwise
Characteristic|Symbol stated) Limits
Input Voltage| Load Current Other | Min.{ Max. Unit
Output Voltage|{Voytr [VIN®-4.25V 11,*5mA, 1500mA 3/F1.300p1.2004 V
VIN==41.25V | I1,=5mA,200mA
VIN=-6.25V IL=5mA TA=150°C 1/
Line regula- |VRLINE[-41.25V€ Vg [ IL=5mA TA®25°C -9 9] av
tion £-4,25V ~55°C4TA
£125°C <23 23
Load regula- |VRLOAD[VIN®-6.25V SmA =11, $1500mA| To=257C -6 6
tion -55°CTy -12 12
£125°C
VIN=-41.25V | SmAZILS150mA [Tp=25°C -6 [
-55°C4Tp -12| 12
£125°C
Thermal regu- |Vgpry, [VINZ-T14.6V 11,=1500mA TA=25°C -5 5
lation .
Adjust pin Iapgy [VIN®=4.25V 11.=5mA 25 100 | pA
current VIN=-41.25V | I}, =5mA 25| 100
Adjust pin Tapy |-41.25V€IL€ | IL=5mA -5 5
current (LINE) { 4.25V
change versus
line voltage
Adjust pin alapy [VIN=-6.25V 5mA 11 £1500mA -5 5
current (LOAD) .
change versus
load current
Minimum load [Iq -14,25V&V 1y 0.20] 3.00 mA™
current £-4,25V 1.00 | 5.00
forced Voyr
=-1.4
VIN==41.25V 1.00{ 5.00
forced Voyr
=-1.4V :
Output short [Ipgy [VIN®=-4.25V .5 3.5 A
circuit cur-~ I0S2 |VIN==~40V 0.% 0.8 A
rent
Output volt- [VOUT [VIN=-&.25V RL=.833q;CL [After Iggy F1.300;1.2000 v
age recovery |(RECOV) =20pF 2
after output VIN=-40V RL=250 . After I0s2
short circuit
current ’
Voltage start-|VgTART [VIN=-4.25V RL=.8334;CL -1.300f1. 200
up =20puF
[Ripple rejec- aVIN |VIN=-6.25V 11,=500mA Figure 13 S0 | -- | dB
tion avouT [Ci=1Vrms TA®25°C
@fo=2400Hz
Output noise |[VNO ViN==-6.25V I;=100mA Figure 14 == | 120 hyrms
voltage TA=25°C
BW=10Hz to
10kHz
I111-107




Table 3.38. Electrical performance characteristics for device type 04 (LM137K)

(Cont 'd) (See 3.4 unless otherwise specified)

Condition: (Fig. 12 unless otherwise ‘
Characteristic| Symbol gtated) Limits
' ~ |Input Voltage | Load Current Other | Min.| Max. {Units
Line trans- Avour |VIN=-6.25V §{ IL=10mA Figure 15 .- 40 mv/v
ient response |[&Viy [|AVIN=-1.0V Ta=25°C °
Load trans- AVOUT |VIN=-6.25V . IL=100mA Figure 16 -= ]10.15]| mv/
ient response |ATL, AT1,=400mA TA=25°C

NOTES: 1. All tests performed at TA=125°C may, at the manufacturer's option,
be performed at Ty=150°C. Specifications for Tp=125°C shall then

apply at Tp=150°C.

2, Output voltage recovery test shall be performed, with the
designated load conditions, immediately after removal of the
10S test forced output voltage condition, Voltage recovery
for conditions other than those specified is not guaranteed.

3. Static tests with load currents greater than 5mA are performed
under pulsed conditions defined in Figure 12,

I111-107A
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SECTION IV

MULTIPLE Bi-FET OP AMPS
MIL-M-38510/119

Background and Introduction

The first op amps of this series which were introduced to RADC for
characterization and possible slash sheet action were the TLO61 and
TLO71 families from Texas Instruments. Each of these families included
single, dual and quad device types. The TL0O61, TLO62 and TLO64 devices
were offered as a low power category and the TLO71, TLO72 and TLO74
devices were classified as low noise devices. Preliminary character-
ization studies at GEQOS were encouraging and a recommendation for slash
sheet action was made. Since these new Bi-FET op amps had lower abso-
lute maximum ratings than the LF155 series devicés, it was necessary
to generate a new slash sheet. National Semiconductor and Fairchild
were also introducing multiple Bi~-FET op amp devices which could be
included in the new slash sheet. MIL-M-38510/119 contains the follow-
ing generic industry devices:

Generic Industry Type Military Device Type
TLO61 (single-low power) o1
TLO62 (dual-low power) 02
TLO64 (quad-low power) 03
TLO71, uAF771, LF151 (single - general purpose) 04
TLO72, uAF772, LF153 (dual - general purpose) 05
TLO74, uAF774, LFl47 (quad - general purpose) 06

The differences between the absolute maximum rating of the /114 and
/119 military specifications are shown below:

Absolute Max Ratings MIL-M-38510-/114 /119
Supply voltage +22v % 18V
Input voltage 1/ + 20V * 15V
Differential Input Voltage + 40V + 30v

1/ The absolute maximum negative input voltage is equal to the
negative power supply voltage.

Whereas device types 01, 02 and 03 are intended for low power applica-
tions, device types 04, 05 and 06 are intended to be the future low
cost "741 work horses'" of the industry,
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4.2 Dpescription of Device Types

The op amps specified in /119 have fewer J-FETs per op amp than the
LF155 series devices. As a result the chip real estate per function

is approximately 2/3 that of an LF155 device., Consequently, the options
for lower cost and multiple op amp devices are also more viable than
with the LF155 series design.

Figures 4-1, 4-2, 4-3 and 4-4 show the schematic diagrams of these new
second generation Bi-FET op amps. All of these devices feature J-FETs
for the differential input stage and complementary bipolar transistors
for the totem pole output stage. Unlike the LF155 series design a
J-FET is not used to replace the output PNP transistor for stability
improvement . '

Another common difference between these devices and the LF155 series is
that the input J-FETs are not loaded by matched J-FET current sources.
Instead a bipolar current mirror is used with trim resistors in the
emitter legs. OQffset voltage can be internally laser trimmed or ex-
ternally potentiometer trimmed. Because of pinout restrictions some
of the duals and all of the quads do not have external offset voltage
adjustment capability. Caution should be exercised in swapping /119
single with /114 devices in applications using the offset control pins.

Since the LF155 adjustment is connected to + V.o and the /119 single
device is connected to - V.. proper operation after swapping will not
work and could lead to device destruction if the trim wiper gets too
close to one of the potentiometer ends.

The input for the single ended high gain second stage is taken off the
collector of the current mirror transistor.

Another current mirror connected to a zener regulated current source
provides separate constant qurrent biasing for the first and second
amplifier stages of the TLO71 series devices,

The current source stage biasing for the other devices are all different
in design. Modifications of current mirrors and lateral PNP transistors
are used extensively as can be seen in the circuit schematics. The
degree of circuitry used for stage biasing enables the op amps to be
used over a wide range of power supply voltages while maintaining
excellent power supply rejection to noise and other disturbances.
Further details are covered in the manuals, books and papers referenced
in the bibliography of this report.
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4.2 Description of Device Types (cont.)

All of the generic industry device types within the /119 specification
have design differences which will tend to favor one parameter over
another. As a consequence of this fact the margin of performance be-
tween the different vendor devices and the specification limits will
vary accordingly.
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Figure 4-1. TLO61 Series Op Amp Schematic.
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4.2 Description of Device Types (cont.)
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4.2 Description of Device Types (cont.)
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4.2 Description of Device Types (cont.)
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Figure 4-4. LF151, 153, 147 Op Amp Schematic.

V-6




NPT i — g

4.3 Device Characterization

The characterization procedure for the multiple Bi~FET op amps was very
similar to the procedure described in Section 2.3. A notable difference
was that the test adapter had to be configured to accept dual and quad
devices in addition to single devices. This was accomplished by building
several DIP to TO5 pin-out converters with manual selection switches,
Although this method was satisfactory in getting the data, a more
elaborate relay controlled socket would have been more efficient for
testing large quantities of devices, especially if this effort were
required on a continuing basis.

Software changes were made to the program to reduce the power supply
and command voltages to the specified values for these devices. Tran-
sient response, settling time and slew rate data were measured manually
with a new test fixture having dedicated DIP sockets for single, dual
and quad devices.

As with the LF155 series devices, a Tektronix 577 curve tracer was used
to observe parameter to parameter characteristics of sample devices.
Further details on op amp characterization test procedures are contained
in Section 2.3,




4.4 Tabulation of Test Data

A representative tabulation of 5-3260 characterization data is shown

in Tables 4-1 through 4-6. Each of these data sheets show how the

data values of 10 devices compares to the JC-41 Committee limits at a
given test temperature. Most parameters were tested with 16 volt power
supplies over a * 12 volt common mode range. Even though device types
01, 02, and 03 are not rated to drive a 2000 ohm load, data was taken
with this condition for information only.

Statistical summaries of all the data are shown in Table 4-7 through
4-12,

Histograms were generated on an op amp basis for both device type
families for all parameter-temperature combinations. One such histo-
gram at 25°C of common mode rejection for device types 04, 05 and 06 is
shown in Figure 4-5,

A complete tabulation of the data is being issued in handbook form to
the JC=-41 Committee representatives,

4.5 Discussion

The characterization data was carefully reviewed to determine how well
it complies to the proposed JC=41 limits and the June 1979 Rev, 1 issue
of MIL-M-38510/119, Where there is good agreement between the data

and the limits, no further discussion will be given here. The proposed
i JC-41 parameter limits will then be carried over into Table 4-13,

Where there is a discrepancy between the data ‘and the JC-41 limits a
discussion will be included with GEOS proposed limits, Because of the
limited sample size (51 low power op amps and 81 low cost op amps), the
GEOS data may not accurately. reflect the data of all manufacturer lot

samples,

vVendor feedback will be required before firm limits can be recommended
for the proposed multiple op amp slash sheet MIL-M~38510/119. Table
4=13 is the best estimate of this time of the /119 Table I limits.

4,5.1 1Input Offset Voltage (Vi)

With the exception of vendor B Type 04 devices at 125°C, the offset
voltage data agrees with the proposed limits of * 5 mV and + 7 mV at
25°C and over the military temperature range, respectively.

4.5.2 1Input Offset Current (Ij,) .

Early in the characterization program there were many device failures
to the + 50 pA JC-41 limits, Because of this the histogram and sta~

tistical analysis limits were loosened to + 100 pA. A comparison of

the 25°C, zero common mode offset current data against the data

limits is as follows:

-8




mes

4.,5.2

4,5.3

4.5.4

445.5

4.5.6

. e o s -e * - . o

Input Offset Current (Iio) (cont.)

Device Yield @ vield @

Type Io =% 100 pA (max) Ijo * 50 pA (max)
01,02,03 (51-8) /51 = 84% (51-15)/51 = 70%
04,09,06 (81-18)/81 = 787 (81-27)/81 = 67%

For reasonable yields the + 100 pA limits should be used,
Input Rias Current (+ Ijg)

At the negative common mode condition at 25°C, both device families
had yields of less than 707 against the =200 pA limit, The yields
improve to better than 807 with a relaxed low limit of -400 pA. The
high temperature high limits were too loose and it is suggested that
they be changed from 100 nA to 70 nA at the positive common mode
voltage and from 70 nA to 50 nA for the other common mode voltage
conditions.

Short Circuit Current (Ios(+), Tos (=)

Based on these devices alone limits of 30 mA would be recommended;
hewever, other vendor type devices, not yet characterized, require

the 40 mA limit for the low power category. The general purpose device
limits of + 80 mA are reasonagble,

Supply Current (I..)

Although the supply current is specified on an op amp basis, observa-
tions of the data show that duals and quads use less current per op
amp than does a single device. An average "'discount" for the multiple
op amps based on histogram mean values is 207 for the duals and 30%
for the quads. No change is recommended for /119,

Output Voltage Swing (+ Vop’ - Vop)

Based on the data, the voltage swing limits are specified very con-
servatively, For device types 01, 02 and 03 with a 10K ohm load,

- Vop 1s the weakest drive, 50 out of 51 devices had less than 1.2 V
of negative saturation., (-Vgat = [-Vcc - (‘Vop)l)-

The single 0l maverick with 1.7 V of negative saturation also failed
the Vi,, -PSRR and the gain tests. For the 04, 05, and 06 device
data the maximum saturation drops were 2.1 Vv at 10 K ¢u and 3,5 V
with 2K, loading.
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4.5.6

4.5.7

4.5.8

4.5,9

Output Voltage Swing (+Vgp, = Vgp) (cont.)

It is recommended that the swing limits be increased to 1Z.5 V at
10K and 11 V at 2K S . The characterization data was measured
with + V.. = # 16 V, whereas the proposed slash sheet is specified
with * Vee = £+ 15 V, Because of this difference the data was exam=-
ined on an '"output to rail" basis.

Open Loop Voltage Gain (Ays (+)» Avs(-))

One of the tradeoffs for device types 01, 02 and 03 is that the low
power option results in lower open loop gain. One change that can

be recommended is that Ayg at * Vec = + 5 V be increased from 2 to

3 v/mV (min.). The lowest corresponding data value was approximately
4.8 V/mv from a -55°C histogram.

As a general observation, device types 04, 05 and 06 have lower gains
than the 155 series devices by a factor of from 1/4 to 1/3.

Slew Rate (SR(+), SR(=))

With the exception of several failures from vendor code B devices,
all of the devices had slew rates greater than the specified minimum
levels. No specification change is recommended, unless vendor code
B determines that a relaxation in limits is necessary.

Transient Response (TR(tr), TR(os))

The previous parameters were measured automatically, but transient
response was measured manually with a signal generator and an oscillo-
scope. Histograms were generated on the §-3260 from the manual data,

For the low power devices the data indicates that the rise time and
overshoot should be changed from 600 nanoseconds and 40% to 400
nanoseconds and 20% respectively., These limits would still leave a
2:1 margin from the observed worst cases. Device types 04, 05 and
06 have data in good agreement with the limits,

4.5.10 settling Time (tg(+), ts(-))

The data indicates that the settling time limit for device types
01, 02 and 03 need to be increased from 1500 ns to 6000 ns., The
initial limits of 1500 ns was a tentative estimate without a JC-41
recommendation,

In view of the fact that device types 04, 05 and 06 have four to
five times as fast a slew rate as the low power devices, it is not
surprising that the data yields a similar conclusion with settling
time,
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4.6 Conclusions and Recommendations

4.7

A characterization study was conducted on a mix of single, dual and
quad Bi-FET op amps. The data base consists of 51 low power op amps
and 81 general purpose op amps. Minor changes in the JC-41 specifica-
tions were made to reflect GEOS's data observations, yield considera-
tions and user priorities, These multiple Bi-FET op amps should find
many useful applications in military systems.
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Figure 4-5.
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SECTION V

CHARACTERIZATION OF 12-BIT A/D CONVERTERS

MIL-M-38510/120

Background and Introduction

This JAN 38510 specification development for A/D converters is new in at
least two respects: it is the first slash sheet devoted to A/D convert-
ers, and the specified devices are the first linear hybrids to be
designated for military usage in the JAN program. The need for data
converters in military systems is well-established, not only for new
microprocessors-based digital systems, but for retrofit into upgraded
existing systems. For example, a system using resolvers to transmit
angular position/rate data to other analog computing subsystems may be
upgraded by retaining the sensing resolvers, converting their outputs to
digital numbers, and replacing the analog computing subsystems with
digital counterparts. High-resolution, high accuracy converters would
be required to accommodate the wide dynamic range and typical system
accuracy required.

At this time, high speed (e.g. 13 to 50 usec conversion time) 12-bit
A/D converters do not exist as monolithic devices, although lower speed
and/or lower resolution monolithics are becoming available from several
manufacturers. The hybrid devices selected for this slash sheet are
already used in numerous military systems. They were developed by Micro
Networks Corporation, and at least some of the device types will.also be
available from other hybrid manufacturers ... Analog Devices and Hybrid
Systems. Generally, the devices offer choice of external or internal
references, two conversion times, and four input voltage ranges.

There is valid concern amongst all device manufacturers regarding the
required testing of A/D converters. Test capabilities may range from
bench tests, to custom test boxes, to fully automatic test systems. At
GE, two levels of test were planned ... both a bench test and a fully
automatic test using the Tektronix S3260 system. Admittedly, the latter
system is not used by any manufacturer, but GE's test development has a
dual purpose ... to verify the test circuit and to characterize the
device. Since both D/A and A/D test developments were proceeding in
parallel, a common precision reference D/A section was developed to share
with both test adapters. The test circuit recommended for the slash
sheet should be compatible with a variety of automatic test systems.
Deviations from the test circuit are permitted but must be justified by
the manufacturer at the time of qualification submittal.

v-1




Test philosophy regarding linearity and monotonicity is another contro-
versial subject. One manufacturer verifies linearity by measuring
deviations from a best-fit straight line, while another measures devia-
tions from a line connecting end points. Since users cannot calibrate
to some unknown best-fit line, but can calibrate to full-scale end
points, GE strongly favors the latter method. (There is further dis-
cussion on these topics within the text.)

At this report tine, the A/D characterization effort is not yet complete.
A slash sheet has been prepared in preliminary status, and has been
issued to interested people for comment. Test philosophy has been
established, and test circuits and adapters were designed and fabricated
for both bench testing and Tektronix S3260 testing. Test software has
been developed and has been debugged. The remaining effort to complete
the characterization is to complete the data taking, analyze the data,
recommend changes (if any) for the slash sheet, issue the data, and
finalize the slash sheet.

Description of Device Types

There are two series.of device types included in /120, the Micro Net-
works MN5200 series and the MN 5210 series. 1In each series there are
eight device types, four pair having input voltage ranges of 0 to -10V,
-5V to +5V, -10V to +10V, O to +10V, with each pair having either an
internal or an external reference. Both series are 12-bit successive~
approximation converters having both serial and parallel digital outputs.
They are packaged in miniature 24-pin glass/ceramic DIPs, are self-con-
tained and internally laser-trimmed (no external adjustments). The two
series differ only in maximum conversion time ... the 5200 series
(device types 01-08) requiring 50 usec max for a complete conversion,
and the 5210 series (device types 09-16) requiring 13 usec max.

The hybrid devices have several chips; there are significant differences
in the number of chips used by different manufacturers. Basically, the
successive approximation converter consists of a D/A converter (ladder
network and switches), a successive approximation register and logic,
and a comparator. An approximate diagram of the 5200 A/D converter is
shown in Figure 5-1, which includes functional level information only,
not detailed schematics of all sections. The 12-bit converter must make
12 successive approximations of the applied input voltage. While this
is occurring, the input cannot change (unless it were to change so as
not to affect previous trials, which is too restrictive), so a sample/
hold circuit is normally used to hold the input constant during the
conversion time. The 12 comparisons are made between the input voltage
and a2 feedback voltage obtained from the internal 12-bit parallel D/A

_ converter, beginning first with the MSB and ending with the LSB. The
comparator output determines whether a "1" or a '"0" should be entered

in the register for each bit comparison. 1In the figure, this function
is performed with a high-gain precision comparator A2.
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The 25L04 successive approximation register contains most of the digital
control and storage necessary to operate the converter, It contains a
set of master latches acting as control elements which change state when
the external clock input is low, and a set of slave latches that hold
the register data and change state on a low-high transition of the

input clock. It acts as a serial-to-parallel converter for information
from the comparator Aj, sending it to the appropriate slave latch to
appear at the register output (serial output) when the clock transition
goes from low-to-high. When that data enters the register, the next
less significant bit is set to a low, ready for the next iteration.

A timing diagram is shown in Figure 5-2. For parallel data outputs,

the shaded areas shown denote states determined by data input immediately
prior to the shaded area. Parallel data is valid for the entire time
that the EOC signal is low, i.e., until the converter is reset. The
converter is reset by holding the "start" signal low during a low-to-
high transition of the clock, beginning at least 25 nsec prior to the
clock transition. When the start is again set high, the conversion will
begin on the next low-to-high clock transition. The start signal can

be set low at any time during a conversion and it will reset the con-
verter. A complete conversion takes place in 13 clock pulses. For
continuous operation, the user has to connect '"start convert'" to EOC,
pin 1 to pin 22, The ground terminals must be externally connected
together as close as possible to the device.

Op Amp Aj buffers the input reference voltage and in conjunction with
transistor Ql4 provides the base line voltage to all switching tran-
sistors. The base line voltage varies to compensate for the variation
in the switching transistor Vpp's with temperature, thereby providing

a constant voltage to the ladder resistors. Similar compensation exists
for variations in the minus supply voltage, which would change ladder
currents. ’

It should be noted that the 5210 series of devices manufactured by Micro
Networks require a 2.2 uF solid tantalum capacitor connected between

DUT pins 15 and 10 for operation with conversion times of 24 usecs or
less. '

The user should be aware that there are differences in the supply cur-
rents among vendors, and also differences in power supply sensitivity.
The specification tolerances have essentially been widened to accommo-
date both vendors. Proper system design considerations by the user
will permit interchangeability by using the specified limits. Tighter
performance may be obtained from a single vendor on power supply sensi-
tivity, but this is not guaranteed or controlled within the spec, except
‘ as stated.
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5.3 Characterization of the 5200 and 5210 Series A/D Converters

5.3.1 Static Test Parameters

Power Supply Currents

Power supply currents limits have been enlarged to encompass all
device manufacturers designs since no two devices are implemented
identically. FEach must, however, satisfy the maximum power dissipa-
tion requirements.,

Power Dissipation

The device power dissipation is the sum total of the products of the
power supply currents and their respective voltages plus, for devices
with external reference voltage only, the product of the reference
input current and voltage.

VRer IREF
Pp * Voo Ice + VEE Igg + Iog +\(EXT REF. ONLY)I Es‘ﬂ

Input Logic Voltage Levels

Logic "1" input voltage levels is + 2 V minimum and Logic "O" input
voltage levels is + .8 V maximum, typical digital logic levels, in-
puts are: S.C. and Clock.

Output Logic Voltqgg'Levels

Output logic "1"_voltﬁge is 2.4 V minimum when loaded with 320 uA
(source)., Output logic '"0" voltage is 0.4 V maximum loaded with
3.2 mA (sink), Outputs are: 12 address outputs; E.0.C; and SDO.

Output Short Circuit Current

All outputs are tested with a short circuit applied. Output current
- shall not exceed ~ 25 mA.

Input Low Current

Input low current is the maximum sink current the device will sink
with the input at 0 V,

‘Input High Current

Input high current is the maximum current the device will source with
the input voltage at + 5 V.

V=6
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Input Impedance

The specification calls for input impedance measurement. On the
§3260 a dc resistance will be measured.

Clock Input Pulse Width

Clock input pulse width is specified as 200 ns, The positive portion
of the clock pulse (logic 1) must be equal to or greater than 200 Ng
wide for all device types.,

Minimum Conversion Time

Minimum conversion time is a function of the speed of the converter
and limits specified are maximum values. The maximum value of mini-
mum conversion time represents the maximum conversion speed the
device must be capable of at rated accuracy.

Power Supply Sensitivity

Power supply sensitiwity is specified as the percent of full scale volt-
tage range change per percent change in power supply voltage.

Zero Error

For a unipolar device the straight line between the first and last
transition voitage is extended beyond the first transition voltage
1/2 1SB. The difference between the resulting voltage and zero volts
is unipolar zero error, .

For a bipolar device add 1/2 1SB to the transition voltage for the

0111 1111 1111 to 1000 0000 QOO0 transition and difference between

the resulting voltage and zero volts is the bipolar zero error. If

"Best Fit Linearity" is employed the offset employed to shift the

curve will have to be factored into the zero errore, unipolar and bipolar.

Absolute Accuracy

Absolute accuracy is accuracy with which the A/D converter will mea-:
sure and convert an analog voltage to a digital equivalent, relative
to an accurate voltage standard., Quantization error is reduced to

+ 1/2 1LSB by offsetting the transition voltages by 1/2 LSB.
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Integral Linearity Error

Integral linearity is the deviation from the ideal linearity curve
(a straight line). The ideal linearity curve would be a straight
line between tlie first and last transition voltages if linearity was
cpecified as “.ud Ppoint"., I[f, however, '"Best Fit Linearity" is
employed, linearity is the deviation from the '"Best Fit" straight
line,

Major Carry Errors

Major Carry Errors are a measure of the differential non-linearity of
the A/D converter, 1f major carry errors are less than * 1 LSB and
the device is linear, there will be no missing codes.

5.3.2 Static Test Circuit

The circuitry used to test the MN5200 series of A/D converters is

shown in Figures 4 and 5. Figure 5.3 shows a simplified block dia-
gram of the schematic., The transition to be tested - 1 LSB is en-
tered into the Ay register, where it is applied to the reference DAC
and a digital comparator. The digital comparator's other input comes
from the device under test, a 12 bit A/D converter. The latch inserted
between the ADC and the digital comparator insures that only valid
data is applied to the comparators, i.e, it is strobed when an end

of convert signal is received from the ADC.

The digital comparator has 3 possible outputs, A<B, A=B, or A> B
depending on the relative magnitude of the transition to be tested
and the present state of the A/D converter. If A«B, the input to
an integrator is connected to + 5 volts through an analog switch,
This causes the integrator to ramp downwards, The output of the inte=-
grator is summed with the analog output of the reference DAC. Since
the DAC output is a constaant DC level and the integrator's output is
decreasing their inve:.cved sum is- rising, which forms the analog input to the
ADC. The ADC's input voltage will continue to increase and its '
digital output word will continue to decrease until the digital com-
parator decides that A=B or A>B. When this happens, the analog
switch changes state, connecting =5 volts to the input of the inte-
grator. This causes the output of the integrator to ramp upwards,
When summed with the DAC output, this forces the ADC input voltage
to decrease, which increases its digital output word,

In this way it can be seen that the ADC digital output word loeks
onto the word present in the A, register, and couples between A £.B
and A = B.

v-10
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Figure 5.3. Block diagram, 12 Bit A/D Converter test circuit.
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The output of the reference DAC and the analog input to the ADC are
summed in the error amplifier. A potentiometer is used to null the
offset of this amplifier to zero. The capacitor in the feedback loop
tends to average out the fluctuations in the A/D input voltage due to
the ramping effect of the integrator. The ADC transition voltage can
be calculated by dividing & E, by the gain of the error amplifier,
and then subtracting the reference DAC voltage.

Figure 5.7 shows the ADC input voltage vs time when the transition
voltage from 0110 to 011l is to be measured. It is assumed that the
ADC performs a conversion every 10 usec and the analog input to the
A/D converter ramps up or down at a rate of .005 LSB/usec. When
conversion #1 is complete, the reference DAC input (0110) is equal to
the ADC output so the integrator continues to ramp upward. The game
thing is true when conversion #2 is completed, 10 usec later. When
conversion #3 is complete, however, the ADC output is greater than
the DAC input, so that A<B and the integrator begins to ramp down-
ward. The ADC input voltage will continue to cycle around the tran-
sition voltage from this point onward, It should be noted that in
Figures 5.7&5.8 downward refers to increasing, and upward decreasing
A/D input voltage,

In the previous example the maximum difference between the actual
transition voltage and the input to the ADC at any time was ,05 LSB.
In measuring some transitions this difference may become as large as
.1 LSB due to the way in which the ADC performs conversions. Because
the MN5200 series of ADC's are successive approximation devices they
perform conversions by setting one bit at a time, starting with the
MSB. Figure 5.8 shows the ADC input voltage vs time when measuring
the 0111 to 1000 transition voltage. After conversion #l is completed
the ADC input voltage will ramp upwards because A=B. The same thing
is true when conversion #2 is completed 10 usec later. Conversion
#3 is now begun, starting with the MSB. Because the analog input to
the ADC immediately following conversion #2 is still less than 1000,
the MSB will be set to a 0, The remainder of the bits will be set

to 1, resulting in an ADC output of 0lll at the end of conversion #3,
Since this is still equal to the input to the DAC, the integrator
continues to ramp upwards. Conversion #4 will result in a value of
1000, and the integrator will begin to ramp downwards. Conversion
#5 also results in a value of 1000, and the integrator continues
downward. Conversion 6 is now begun, starting with the MSB. Because
the input to the ADC immediately following conversion #5 is still
greater than 1000, the MSB will be set to a 1., The remainder of the
bits will be set to 0, resulting in an ADC output of 1000 at the end
of conversion #6, Since this is still greater than the input to the
DAC, the integrator continues to ramp downwards,
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5.3.3

The ADC input will continue to cycle around the transition voltage
from this point onward, The reason that the ADC input voltage did
not stray as far from the actual transition voltage when measuring
the 0110 to 0l1ll transition was that in that case only the least
significant bit was changing, which is the last to be set in a con-
version. 1In both cases the sawtooth around the actual transition

voltage is filtered out in the error amplifier by a capacitor in the
feedback loop.

Devices Used For Testing

(later)
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5.4 Automatic Test Development

Testing A/D converters, particularly 12 bits or more, is a difficult
task and is generall; only performed by the most sophistocated of the
users, Traditionally, A/D converters were tested using a D/A con-
verter in conjuction with an oscilloscope. The D/A converter generally
had at least 4 bits more than the device to be tested. The implemen=-
tation varied but in all cases the testing was tedious, time consuming,
and required human data logging. Manufacturers of the devices, in an
effort to reduce test time and costs, are attempting to automate the
testing of A/D converters. Some already have.

A major portion of this characterization effort was devoted to the
development of an automatic test capability for the $3260,

Once the decision was made to test A/D converters automatically, the
next decision to be made was how to implement the testing. Did all
transitions have to be tested or could an abbreviated test method be
employed which tests bit errors and utilizes superposition to test the
worst case linearity? Unlike the D/A converters for which the abbrevi-
ated test method has been used successfully by most manufacturers, the
A/D converter transition voltages are not so clearly defined. A/D
‘converters are tested at maximum rated speed which results in tranmsient
errors that will distort static bit weight errors. One of the objec~-
tives of the 5200 characterization effort will be to determine whether
or not an abbreviated test method could be employed with sufficient
confidence that devices with missing codes would be detected. It should
be noted that when testing A/D converters, transition voltages are
measured and not dc voltage levels., Transition voltages are nominally
set at 1/2 LSB below nominal voltage levels to reduce quantization
errors to + 1/2 LSB.

Linearity is, without a doubt, the most difficult A/D converter param-
eter to measure accurately and unless clearly defined may confuse the
user., Some vendors choose to use "Best Fit Linearity' as opposed to
"End Point Linearity'", One could argue that '"Best Fit Lineafity“
would be achieved by utilizing a Least Squares Straight Line™ but that
would most certainly confound the less sophistocated user. GE would
prefer to utilize "End Point Linearity" but, since high speed successive
approximation A/D converters are not necessarily linmear, "Best Fit
Linearity'" will be employed., '"Best Fit Linearity" will be defined as
the straight line parallzl to the "End Point Linearity" straight line
that distributes maximum positive and negative linearity errors equi-
distantly from it., This is a definition that the user can easily
comprehend and apply.
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To make the testing of a 12 bit A/D converter accurate utilizing a
Tektronix §3260, it was necessary to design a reference module which
contains an 18 bit reference DAC, buffer, active ground drives, and
switching to provide the proper voltages and logic levels to test all
of the device types in the slash sheet. Since the characterization
efforts for the 562, 12 bit D/A converter, was performed concurrently
with the 5200 series A/D converters, the reference module was designed
to accommodate both testers. The reference module, in conjunction with
the $3260 test adapter, can be utilized on the bench if the $3260 under-
socket connections, power supplies and relay actuators,” are implemented
in the bench setup. Manual addressing of the reference DAC is provided
via toggle switches., Display of the DUT output address can be accom-
plished by connecting a buffered 12 bit LED display o the DUT output
address register via a pair of DIP clips.

The technique employed to measure transition voltage employs a dither
which ramps slowly above and below the transition voltage. A more
detailed description of the test circuit is contained within the text
of this report. Part of the test development will be to select the
proper dither voltage for the devices being tested. Too low a dither
voltage and it will be down in the noise level. Too high a dither
voltage and it will limit the range of differential non-linearity mea-
surement. A finite amount of dither will provide some guard banding
for detecting devices that might marginally exhibit missing codes.

5.4.1 Test Program Develepment

. .

Software was developed for the Tektronix $3260 test system to provide
for automatic testing of the MN5200 series of Analog~to-Digital con-
verters. The test circuit used in conjunction with the $3260 is shown
in Figures 5.4, 5.5 and 5,6.

Power Supply Currents

Supply currents are measured first with all bits off and then again with
all bits on. + 15 VDC is forced on pin 15 and the current flow, I.., is
m2asured. + 5 VDC is forced on pin 2 and the curremt flow, Ijgog, is
measured. ~ 15 VDC is forced on pin 13 and the current flow, Iga, is
measured. For device types with an external reference - 10 VDC is
applied to the external reference input and the current flow, Ipgp, is
measured., The limits for power supply currents were enlarged to
encompass all manufacturer's devices., Due to differences in implemen-
tation of the A/D converter, the loads on the positive and negative
supplies will vary from one manufacturer's device to another. The
limitations on power supply currents will largely be imposed by the
maximum power dissipation specified. 1
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Power Dissipation

Power dissipation can be calculated from the supply currents according
to the following equation:

Pp = (IS Tcc) + (5 Irog) = (15 Igg) - (10 Iggp), 5.2
for devices with
external references only

Input Logic Voltage Levels

In order to test the limits on the input logic levels at which the
device will still perform conversions, one conversion is attempted
with "clock" and "start convert' inputs at logic "1" = + 2,0 V and
logic "0"0 = + 0.8 V. Accuracy of the final conversion must be insured.

Qutput Logic Voltage Levels

The output logic levels are checked with all bits on and with all bits
off. A 320 uA load is placed at the output with all bits on and the
voltage, Vgy, is measured. Then a 3.2 mA load is placed on the output
with all bits off and the voltage, VgL, is measured,

Qutput Short Circuit Current

The "A" register is set to 1111 1111 1110 and short circuit output
current, is measured for (1) address bits, (2) "End of Convert', and
(3) "serial Data Out'.

Input Low Current

Force 0 volts on the '"clock" and '"start convert' inputs and the current
flow, Iy, is measured for each respectively,

Input High Current

Force + 5 volts on the "clock" and '"start convert' inputs and the cur~
rent flow, Iy is measured for each respectively.

Clock Input Pulse Width

All static tests on the ADC will be performed with the minimum input
clock pulse width, 200 ns.
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Conversion Time

Conversion time is the minimum time required to perform a complete 12
bit successive approximation conversion. A + 2.2 uf solid tantalum
capacitor should be connected between DUT pins 15 (+) and 10 (-) for
conversion times less than 24 usec, All static tests will be performed
at the maximum rated conversion speed.

Power Supply Sensitivity Tests

Power supply sensitivity tes*s will be performed both with all bits on
and all bits off, V.. is varied * .45 V and the variation in the ADC
transition voltage is recorded, PSS1l. Vge is varied t+ .45 V and the
variation in the ADC transition voltage is recorded, PSS2. Viqg is
varied * 0.5 V and the variation in the ADC transition voltage is
recorded, PSS3.

Absolute Accuracy

For unipolar devices accuracy will be measured with all bits on only,
For bipolar devices accuracy will be measured with all bits on and again
with all bits off. The."A" register is set to 1111 1111 1110 and the
last transition voltage is measured. Then the "A" register is set to
0000 0000 0000 and the first transition voltage is measured, The
accuracy of these measured transition voltages are compared with the
specification limits on accuracy.

Zero Error

For a unipolar device zero error cannot be measured directly, extra-
polation is required. First and last transition voltages are measured.
A straight line is drawn between these points and extended to the volt-
age corresponding to the ADC address of 0000 0000 0000. cCalculated
voltage there + 1/2 LSB is the zero error, where an LSB = (Last tran-
sition voltage - First transition voltage)/409. Zero Error =
Cr1 + LSB/2 - 0 where Crl is negative for device types 1, 2, 9 and 10.
: .. Device types 7, 8, 15, and 16
are complementary to device types 1, 2, 9 and 10 so logic inputs to
reference DAC (address) are complemented and 1/2 LSB is subtracted
from the first transition voltage.

Cr1 - E%E - 0 = zero error

where Op1 is positive
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Linearity Testing

The circuit used to measure linearity of the MN5200 series of Analog

to Digital converters is shown in Figures 5.4 & 5.5. The $3260 places an
address in the "A'" register, the input to the reterence DAC. The out=-
put of the ADC then cycles between the address in the "A" register and
that address plus 1 LSB. For example, if $3260 placed 0111 1111 1111
on the input to the reference DAC, the outputs from the ADC will alter-
nate between 0111 1111 1111 and 1000 0000 0000, An abbreviated way
of representing this transition is to place an asterisk after the
address, i.e. 1000 0000 0000%, The output from the reference DAC is
then summed with the input to the ADC in the error amplifier, The
resulting error voltage is the amplified sum of the output of the DAC
at one particular address and the ADC's transition voltage to the next
address. Since the output of the DAC can be calculated at any address,
the next ADC transition voltage can be determined by first dividing the
error amplifier reading by the amplifier's gain, and then adding the
output voltage of the DAC. Linearity for the 5200 ADC is specified as
best fit straight line. Linearity will be measured as end point
straight line., Best fit linearity will be obtained by adding max
positive and max negative deviation from the straight line, dividing
the result by two and offsetting the linearity curve accordingly. To
measure the end point linearity of the ADC, the first and last tran-
sition voltages are used to establish an ideal straight line. All
other transition voltages are compared to the ideal straight line.

Two basic techniques for measuring linearity error are éméloyed. The
first, called the abbreviated test method, tests only the 42 addresses
listed in Table 5.2, These addresses consist of all of the major carries
in addition to the two addresses below the major carries and one add-
ress above the major carries (where possible). The second, tests all
transitions between 0 and full scale. 1In both cases the calculated ADC
transition voltages are compared to the ideal straight line determined
by the first and last ADC transition voltages to calculate the linearity
of the device. ’

The initial measurements and adjustments for the "abbreviated test"

and the '"test all codes" method are identical. At the start of the
test the "A" address is set to 0000 0000 0000 and the buffered ref-
erence DAC output is set to = 10,0000 Vv by adjusting the DAC offset
potentiometer, This establishes Vpppc (0). A Fluke model
8500A 5 1/2 digit DVM is used to take the measurements with an IEEE

bus to interface it to the $3260. The "A'" address is then set to

1111 1111 1111 and the buffered reference DAC output is set to

+ 9.9951v by adjusting the gain potentiometer. This establishes
Vroac (FS). The general expression for the butfered reference DAC out-
put is:
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TABLES 5.2, Abbreviated Test - A Address Input Codes

AN 3 ]
REF. DAC. ADDRESS ADC TRANSITION VOLT RO
0000 0000 0000 0000 0000 0001 1
0001 0010 2
0010 0011 3
0011 0100 4
0100 0101 5
0101 0110 6
0110 ' 0111 7
0111 1000 8
1000 1001 9
1101 1110 14 !
Y 1110 Y 1111 15
0000 1111 0001 0000 16
0001 0000 0001 0001 17
0001 1101 0001 1110 30
0001 1110 0001 1111 31
0001 1111 0010 0000 32
0010 0000 0010 0001 33
0011 1101 0011 1110 62
0011 1110 0011 1111 63
. 0011  1111. 0100 0000 64
0100 0000 0100 0001 65
0111 1101 o111 1110 126
0111 1110 0111 1111 127
% 0111 1111 1000 0000 .. 128, L.
1000 0000 Y 1000 0001 129
0000 1111 1101 0000 1111 1110 254
0000 1111 1110 0000 1111 1111 255
0000 1111 1111 0001 0000 0000 256
0001 0000 0000 0001 0000 0001 257
0001 1111 1101 0001 1111 1110 510
0001 1111 1110 0001 1111 1111 511
0001 1111 1111 0010 0000 0000 512
0010 0000 0000 0010 0000 0001 513
0011 1111 1101 0011 1111 1110 1022
0011 1111 1110 0011 1111 1111 1023
0011 1111 1111 0100 0000 0000 1024
0100 0000 0000 0100 0000 0001 1025
0111 1111 1101 0111 1111 1110 2046
0111 1111 1110 0111 1111 1111 2047
0111 1111 1111 1000 0000 0000 2048
1000 0000 0000 1000 0000 0001 2049
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Veoac (F8) = Vrpac (O
Vepac (N) = Vgpac (0) + 7005 N [53]

v (FS) -~ V

RDAC

©0) -
VRpac (N=1) = Vgpac (0) + RDAC (N-1) Ls.a]

4095

The voltage Vppae (N-1) is derived because the ADC cycles between A® Band
A<B, where B is the ADC output address.

Next, with all relays deenergized, both inputs to the error amplifier

are grounded and the output offset voltage, E, (0), is set as close to
0 as possible by adjusting the op-amp offset potentiometer, R 10 .

Eo (0) is then recorded. This completes the initialization portion of
of the “abbreviated test" and the 'test all codes",

Abbreviated Test Metbgg

In the abbreviated test the 42 addresses listed in Table 5,2 are gen-
erated by the $3260 and sequentially applied to the inputs of the ref-
erence DAC. The voltage at the output of the error amplifier, Eq5 (N),
is recorded. Now that Vypac (N-1) and Eo (0) are known, the ADC tran-
sition voltages can be calculated from Eg (N).

R .
Eo () - Eo ©) = = G Froac (D) + Vapern (V) [5.5]

oF Vppery M) = = @D Eo M) - B (0)) - Vgpue (1) [s.6]

Transition voltages on the ideal linearity curve will hereafter be
referred to as Cp (N). Op (1) = VapciN (1) and Op (4095) = Vapcin (4095)
since the first and last transition voltages establish the ideal end
point linearity curve, The other transition voltages on the ideal lin-
earity curve can be calculated from the expression:




Cp (4095) - Cp (1)

o ) = (1) + op (1) 7
4094

Bit errors (deviations from the ideal straight line) can now be deter-
mined:

Ny - ) = 1
or in LSB's 5-8

v
€ (x) = ~ADCIN
LSB

Vapcrn (4095) = Vppery ()

(5-91
4094 -

where LSB =

After all bit errors have been calculated, the addresses of the maximum

positive bit weight error and the maximum negative bit weight error can
be determined.

To generate the word for maximum positive bit weight errors a logic
1" is placed in the address if the corresponding bit weight error is
positive, All other adéress bits are set to logic "Q".

To generate the word for maximum negative bit weight errors a logic
"1" is placed in the address if the corresponding bit weight error is
positive. All other address bits are set to logic "0".

The latter two addresses (-1 LSB) are applied to the "A' address
register in turn and the error voltages are measured, ADC transition
voltages and bit errors are calculated as before.

The offset voltage, BFOE, to achieve "Best Fit Linearity" will be ob-
tained as follows:

BFOE = SL.NL%__":_'_M.. in mv FS-IO}

Allow 1 sec before each measurement (or more if necessary).

Major Carry Errors (MCEN) are the differences in size between an LSB
at a major carry and an LSB averaged over the entire range of the ADC.
They are calculated from the ADC transition voltages according to the
following equation:

V=26
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Vapcin OV + 1) = Vapcyy (N) - LSB

MCE (N) =

LSB

The LSB carry, MCE (12), cannot be calculated

The previous measurements and calculations of bit weight errors and
major carry errors are affected by hysteresis., The following calcu-
lations derive static bit weight errors and static major carry errors,
The major carry transition is ignored and the transition after the
major carry is measured., The difference between the two transitions
before the major carry provides the valve used for an LSB. The static
bit weight errors are calculated as follows:

Vapcin Mgraric - ¢ V)
LSBsTATIC

Msraric =

where LSBgrarrc = VapcIN (N-1) = Vppcpy (N=2)

and  Vapern Mgraric = Vaperny (N + 1) = LSBgparic

From the equation for LSBgraTrc it can be seen that static bit weight
errors cannot be determined for the 2 last significant bits of an add-
- ress.

Static major carry errors can be calculated in a similar fashion:

MCEgraTIc (N) = VapcIN (N + 1) - VapcIN (N-1) - LSBgraTIC

where LSBgparyc is calculated as it was for static bit weight errors.

Measure All Transitions

After the ADC is allowed to warm up for a sufficient amount of time,

the $3260 sequentially applies all addresses to the "A" register, The
error voltage is measured and recorded at each address, and from these
error voltages the ADC transition voltages can be determined as before.
Bit Errors (static and dynamic), maximum positive and negative bit
weight errors, nonlinearity, and major carry errors (static and dynamic)
are all determined as they were in the abbreviated test method.
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SECTION VI

CHARACTERIZATION OF 12-BIT D/A CONVERTERS

MIL-M-38510/121

6.1 Background and Introduction ,
The increased use of microprocessors in military systems has stimulated
interest in JAN 38510 specification development of data converters and
associated devices which are needed to interface analog sources, sen-
sors, loads, and displays with digital processing hardware. 1In 1978,
the first JAN D/A Converter slash sheet was developed, MIL~-M=-38510/113.
The DACO8 and DACO8A devices, 8-bit monolithics with dual complementary
current outputs, fully voltage compliant, low cost and multi-sourced
were selected for the slash sheet.

The need for higher~resolution D/A Converters will be filled by MIL-M-
38510/121, 12-bit D/A Converters. Monolithic 12-bit converters have
only recently begun to displace the hybrid devices which have predomi-
nated the marketplace in past years, and there is reason to believe this
trend will continue., The 562 is one of the first 12-bit monolithics
that is multi-sourced and has been identified by users as a desirable
component for military systems.

While multi-sourcing has many advantages, it presents some difficulty
in preparing a commoh specification, at least for linear devices and in
particular for data converters, Of three manufacturers which offer the
562, no reasonable compromise of specifications could be negotiated to
include even two manufacturers on one device type. Consequently, there
are two device types in the slash sheet, each sourced by only one manu-
facturer; the third device is not included at this time for reasons
explained within the following text.

The development of test circuits and techniques for 12-bit data con-
verters has been a considerably more difficult task than that for 8-bit
devices., For example, when one is measuring linearity to limits of 1/2
18B, it is desirable to have a test method accurate to*0.05 LSB, or
approximately¥0,001%. Noise and differences in ground voltages alone
can degrade the measurements, not to mention drift and meter accuracy/
linearity. These concepts are also addressed within the text,

An attempt was made in this device characterization to measure linearity
both with the '"Abbreviated Linearity Test Method', using bit weight
errors and superposition, and with the "All Codes Linearity Test Method"
to see if the data correlated well. How well the data correlates will
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be largely determined by how much superposition error is present.
Superposition errors referred to here are bit interactive errors. The
devices tested correlated well but it is to be expected that some manu-
facturers devices will not correlate well. Devices with appreciable
interactive errors may not pass the Abbreviated Linearity Test because
of the % (+) NL + 2.(-) NL test., Restricting the summnation of Bit
Weight Errors to * 0.1 LSB will be difficult to pass if interactive
errors are appreciable. However, failing to meet this requirement
does not necessarily mean that the device will not meet the overall
linearity requirement of + 0.5 LSB. It is for that reason that the
device then be subjected to an"All Codes Linearity Test.' A failure
therein would be final, '

In like manner implementation of a * 0.9 LSB differential non~-linearity
(MCE) insures that a device with a marginal error will not be judged
monotonic (or non-monotonic) when non-linearities and measurement
errors may make the device look better (or worse) than it really is.

If the MCE is within the range * 0.9 to + 1,1 LSB the device then would
be subjected to an all codes linearity and monotonicity test. The all
codes monotonicity test as implemented herein is much more accurate.

A failure therein would be final,




6.2 Description of Device

The 562 is a monolithic 12 bit D/A Converter with guaranteed monoton-
icity over the full military operating temperature range, -55 to 125°C.
The device is mounted in a hermetically sealed ceramic 24 lead dual in-
line package. The 362 accepts a reference voltage of 0 to + 10 V and
provides a binary weighted output current proportional to the product
of the digital address input and the reference voltage. When the ref-
erence voltage is variable the device is a two quadrant DAC. On the
other hand, when the reference voltage is fixed the device is simply a
DAC with a nominal output current of -2 mA. Laser-trimmed internal
gain , voltage-range and bipolar offset resistors are incorporated to
provide accurate output voltages when used in conjunction with an ex-
ternal amplifier. Scaling errors are minimized because of low resistor
tracking TCR; approximately 1 ppm/C°. The following ranges can be pin-

programmed;
0 to+10v, 0to+5V,
-5to+ 5V, -2.5 to + 2.5 V,
=10 to + 10 Vv

The digital code for the device is natural binary '"positive true". In
the bipolar mode the digital code is offset binary

Address In Unigolar Eigolag
0000 0000 0000 ov - 10,000 v
1000 0000 0000 + 5.000 v ov
1111 1111 1111 + 9.99878 V. + 9.99572 v

The device is CMOS or TTL compatible., With pin 2 connected to pin 1
the device is CMOS compatible and the internal logic threshold is Ve
and the voltage may be 4.75 to + 15.8 V. With pin 2 open for device
type 01 and grounded for device type 02 the logic threshold is approxi-
mately + 1.4 V and the device is TTL compatible with V¢e = + 5 V = 10%.
The 562 is available in both binary and BCD versions,

The 562 current output is the weighted sum of the outputs of three
similar groups of binary scaled quad current generators, controlled by
Vge The logic inputs steer these currents through non-saturating bi-
polar-transistor current switches to either ground or the respective
quad output bus. The output currents from the 2nd and 3rd quads are
attenuated by 16:1 and 256:1 respectively for binary and by 10:1 and
100:1 respectively for BCD. The attenuated outputs are then summed
with the unattenuated output of the 1lst quad. The output current is
then the sum of 12 individually switched currents having a binary
relationship.




6.3

The current generating transistors from each quad group have emitter
areas in the ratio of 8:4:2:1. The ladder network resistances are in
the ratio of 1:2:4:8. With equal voltages applied to the resistors, the
emitter currents are therefore in a binary ratio,. Because of the
weighted emitter area, the transistors operate at equal emitter current
densities and therefore have nearly equal Vpp's and hpg's. The control
amplifier (Al) drives the bases of the constant current transistors and
a reference transistor, which has hpp and Vg matched to those of the
constant current and bit switching transistors.

Vg is applied to the externally trimmable gain resistor (Rl) to set a
reference current of 0.5 mA. Amplifier Al establishes the appropriate
base voltage to force collector current of Ql equal to IR. Variations
in hFg, Vg, or supply voltage with time and/or temperature are sensed
in the reference amplifier circuit and the reference amplifier adjusts
Vgg to maintain the collector current of Ql (and therefore the bit cur-
rents) constant in the presence of these variations.

Characterization of the 562

6.3.1 STATIC TEST PARAMETERS (See Table 6.1)

Supply Current (I.c)

The current drain on the V.. supply is measured with all bits on in the
CMOS made since it represents the worst case. Vge =+ 15 V.

Supply Current (Igg)

The current drain on the Vgp supply is measured with all bits on in
the CMOS mode. Vgg=- 153 V.

Logic "1" Input Current (Ity)

Logic "1" input current is measured in the CMOS mode with V..=+ 15V
gince it represents a worst case,

Logic "0'" Input Current (Iyj)

Logic "O" input current is measured in the CMOS mode with VQC’=+ 15 v.
Since it represents a worst case,

- Full Scale Current (IRS)

DUT output current is measured with all bits on, Subtracting the value
of output current with all bits off from that obtained with all bits on
provides a measure of Ipg.
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Unipolar Zero Current (Ipz)

Unipolar zero current is leakage current in the unipolar mode with all
bits off. It is specified as a percent of measured full scale current
(Irs) at + 25°C and is specified separately for CMOS and TTL modes.

Unipolar Zero Current Drift éAEEﬁ__)
Irg T

Unipolar zero current drift is the average temperature coefficient of %
unipolar zero current. The average temperature coefficient is measured

from + 25 to + 125°C and from -55 to + 25°C. Neither value shall
exceed the limits specified in Table II. Ipg in the expression for
unipolar zero current, drift is Ipg at + 25°C.

Gain Error (Gg )

The 562 D/A converter provides a current output that is proportional

to the digital address applied to it. The output current has a * 25%
tolerance but provided within the device is a tapped span resistor
which may be usei1 in conjunction with an external operational amplifier.
The span resistor is laser trimmed to offset the loose tolerance on
output current and provide a voltage gain tolerance of * .25% at the
amplifier output. Unipolar gain is measured and it is defined as the
difference between the output voltage with all bits on and the output
voltage with all bits off with an applied referencé yoltage of + 10.000
VDC. Gain error is specified in ppm of Full Seale Voltage (FSV), + 10V.
Gain error is specified separately for CMOS and TTL modes.

Gain Error Drift (_A__g_e,___)

FSV A T
Gain Error Drift is the average change in gain as a function of temp-
erature. The average temperature coefficient is measured from +25 to
+125°C and from =55 to +125°C. Neither value shall exceed the limits
specified,

Bipolar Offset Error (BPOE)

Bipolar Offset Error is the voltage measured at the DUT output (pin 9)
with + 10,000 Vv applied to the bipolar offset resistor (pin 7) and

- 10.000 v applied to the 20 volt span resistor (pin 1ll) with DUT pins
8 and 9 connected together. BPOE includes the effects of unipolar zero
(laakage) current.

Bipolar Offset Drift (ABP(I){AT)

Bipolar Offset Drift is defined as the change in offset voltage with
respect to full scale per centigrade degree temperature change.
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Power Supply Sensitivity From V.. In TTL Mode (+PSS1)

The change in output voltage is measured for a * 10% change in V.. from
nominal + 5 VDC with Vgg at nominal - 15 VDC. Measurement is made with
all bits off and also with all bits on. Neither change in output volt-
age shall exceed the limits specified in Table 6,1, °

Power Supply Semnsitivity From V.. in CMOS Mode (4+PSS2)

Same as PSSl except V.. nominal is + 15 VDC and DUT pins 1 and 2 jump-
ered together.

Power Supply Sensitivity From Vgg in TTL Mode (-PSSl)

The change in output voltage is measured for a + 10% change in Vgg
from nominal - 15 VDC with Vgc at + 5 VDC. Measurement is made with
all bits off and also with all bits on. Neither change in output volt-
age shall exceed the limits specified in Table 6.1,

Power Supply Sensitivity From Vgg IN CMOS Mode (-PSS2)

Same as -PSSl except that V.. is set at a nominal value of + 15 VDC
and DUT pins 1 and 2 are connected together,

Summation of Positive Bit Errors (% NL+)

Assuming negligible superposition errors, the application of the
address with logic "1"s for those bits which when tested alone exhibited
positive bit errors should yield the maximum positive deviation from the
ideal linearity curve, a straight line between zero and full scale.

Summation of Negative Bit Errors (FNL-)

Assuming negligible superpoéition errorsthe application of the address
with logic "1"s for those bits which when tested alone exhibited nega-
tive bit errors should yield the maximum negative deviation from the
ideal linearity curve, a straight line between zero and full scale.

Bit Interaction (& NL(+) +& NL(-))

At full scale & NL(+) +& NL(-) is assumed to be zero, It follows that
this relationship shall hold ovar the full range of the DUT. Any devi-
ation from this relationship, aside from measurement error, shall be
asgumed to be due to non-linearity (superposition errors), Devices
which exhibit a bow in the linearity curve from zero to full scale will
exhibit superposition errors..Assuming a measurement accuracy of t .05
LSB, the limits applied to this parameter were chosen to be large enough
to measure the existence of superposition errors. Failure tou pass
this test does not censtitute a module failure but requires the addi-
tional all codes linearity and monotonicity testing. A failure to pass
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6.3.2

6.3.3

the latter constitutes a module failure. Successful completion of the
all codes tests insures that the device is linear to within specified
limits and is monotonic.

Major -Carry Errors (MCE)

The major carry test is intended to insure that the DUT is monotonic.
To be monotonic the output voltage increment must be greater than O V
for each increment of DUT address from all "0"s to all '"1"s (0 to 4095).
Assuming negligible superposition errors and no dynamic errors, the
incremental voltages at the major carries, MCl-MCll, should represent
the worst case differential nonlinearity. A differential non-linearity
of less than * 1 LSB insures monotonicity. Since non-monotonicity can
be disastrous in many device applications and the measurement accuracy
of the tester is * ,05 LSB (max), a tolerance of * 0,9LSB is placed on
this parameter. Failure to pass this test within + 0.1 LSB will not
constitute a failure but will require the vendor to test all codes
monotonicity and linearity. Successful completion of the latter insures
that the device is monotonic,

DYNAMIC TEST PARAMETERS (+ 25°C only)

The settling time test megsures the response time between the 507 point
of the input transition (all bits on to all bits off or all bits off to
all bits on) and the point in time at which the output settles to within
*+ 1/2 LSB of final value., For a device type Ol,* 0,24 uA = + 1/2 LSB
corresponds to * 1.22 mV. For a device type 02,* 0.61 uA = * 1/2 LSB
and with a 2K load * 1/2 LSB corresponds to * 1,22 mvV.

STATIC TEST CIRCUIT

The static test circult shown in Fig. 6.2 is a simplified version of
the test circuit utilized on the $3260, Not shown are the ground
drivers that were required because of. the physical separation of the
reference DAC, the test adapter circuitry and the DUT. Also not shown
is a voltage follower buffer inserted between the reference DAC refer-
ence voltage output (pins 52, 53 on DAC 1138) to minimize output volt-
age shifts due to loading. Table 6.2 indicates the relay states for
the various parameters to be tested,

Al is the error amplifier which converts the DUT output current to

voltage anid compares it to the corresponding Ref. DAC output and ampli-

fies the difference., The amplified difference voltage is used to pro-

vide an accurate measure of DUT gain, linearity, power supply sensitivity,

and in a slightly different circuit configuration to test BPOE. With

all relays deenergized the error amplifier inputs are both connected to

ground the thmugh 3KSL resistors and the amplifier offset voltage may be

trimmed to zero. The offset trim is a 20 KSl potentiometer connected 1
between amplifier pins 1 and 8 with the wiper tied to + 15 V,
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65.3.4 SEITLING TIME TEST CIRCUIT

A2 is a unity gain inverting amplifier that is employed only for BPOE
measurements, It provides an accurate -10,000 VDC.

A3 and A4 are Reference Voltage and Reference DAC output buffer ampli-
fiers, They are tested and trimmed (if necessary) ‘at the start of any
sequence of device testing, utilizing a Fluke 8500 DVM (or equiv.).
Once done the test/cal. need not be repeated for subsequent DUT tests.

Input and output currents were measured by forcing the appropriate
voltage levels and measuring currents., Just how these tests are im=-
plemented will be governed by the equipment available to the tester.

Figu:ie 6.3 shows the settling time test circuit employed by GEOS to test
'zvice types Ol. DIl biases Ql such that the emitter of Ql (DUT output)
is maintained approximately at OV. Ql is a common base amplifier which
converts DAC output current variations to voltage variations, The
commiion base amplifier was selected because of its excellent high
frequency response, The collector voltage swing is clamped to within a
Scnottky voltage drop of + 5 VDC. Capacitance in the collector cir-
cuit of the Ql transistor should be minimized because of the large
value of R, For a device type Ol R = 5K and for a device type 02

R = 2k. Vg A+ 15 V for "turn on" (all bits off to all bits on) and

+ 5 V for "turn off" (all bits on to all bits off). Q2 and Q3 provide
differential buffering of the Ql output.

To test all bits off to all bits on settling time Vi is adjusted for a
Q1 output voltage of + SV with all bits on (V. & + 15 V) and
Rf, = 5K. A square wave voltage is applied to the DUT address inputs (Vins)
and the scope preamp is adjusted so the flat portion of the wave-~
form corresponding to all bits on is on the center line of the screen
with a sensitivity of 1 mV/em., The positive edge of Vi, is used to
trigger the scope and the sweep start is marked on a vertical graticule
of the scope trace, Settling time is then measured, the time required
for the output to settle to within * 0.5 LSB (or * 1,22 aV).

To test "all bits on to all bits off" settling time,Vy is adjusted for
aql output voltage of +5v with all bits o%f and Ry, = 5k A
square wave voltage is then applied to the address inputs (Vin). The
scope trace is adjusted to locate the flat portion of the output wave-
form corresponding to "all bits off" on the center lihe with a
vertical sensitivity of 1 mV/cm, The sweep trigger alignment may
need readjustment since the scope must trigger on the negative edge of
Vine Settling time is then measured, the time required for the output
voltage to settle to within + 1/2 LSB (¢ 1.22 mV). Figure 6.3 shows the
waveforms and Figure 6.7 shows photographs of typical settling times
measured.,




6,3.5 DEVICES USED FOR TESTING

There were 13 devices tested of which 6 were obtained directly from
Analog Devices, 6 were obtained from Analog Devices through RADC, and

1 was purchased by GEOS. Data is only tabulated for 12 devices because
one of the six devices obtained directly from Analog Devices with

+ 25°C data failed during the course of test program development.
Repeated rapid cycling between + 25°C, + 125°C and - 55°C may have been
responsible for the failure: Device S/N 4311 failed.

S/Ns 4310 - 4315 Samples obtained from Analog Devices
with 4+ 25°C data
S/Ns 19, 20, 21, 25, 36 Samples obtained from RADC
& 48
S/N S5 Purchased sample

All devices characterized were Analog Devices only.

The devices with S/Ns 4310 - 4315 appeared to be significantly better
than the others in settling otherwise differences were not significant.

Three device type 02s were tested and found to be out of specification.
However, the origin of the devices is unknown. Harris has been asked
to submit samples with data (if possible) for characterization.

Automatic Test Development

One of the primary considerations in attempting to test a 12 bit D/A
Converter on the Tektronix $3260 is, "How does one measure DAC output
linearity to * ,001% and fast enough' that the $3260 isn't tied up
for long periods of time. GEOS chose to implement a comparative type
test which utilizes a Reference Module in conjunction with the $3260
test adapter to test the device's "linearity and accuracy. The ref-
erence module contains an 18 bit D/A Converter (12 MSBs used) some
switches, some buffer amplifiers, and active ground drivers. It was
designed to interface with D/A and A/D Converters with 12 bits or
more., It contains switching, logic, and buffer amplifiers and is
capable of interfacing accurately with A/D and D/A converters of
various ranges and codes. It was primarily designed to interface
with the 562 series of 12 bit D/A Converters and the 5200 series of
12 bit A/D Converters, See Figure 6.6.

Vi-9

e mn i b s Sameate s




Y

Another consideration in testing devices with such accuracy on the
53260, or any other automatic tester for that matter, is grounding
and line drops. If the test circuits were designed for bench test,
the circuitry would be kept close together and unipoint grounding
employed. All of the precautions would be taken to minimize voltage
drops on critical wires, avoid ground loops, and prevent oscillations.
However, maintaining the close proximity and unipoint grounding on
the 83260 is next to impossible. Therefcre an alternate approach
was taken. Active ground drivers (See Fig.4.l) consisting of a cas-
caded connection of an OP 05 amplifier and a hybrid driver (LH0002)
in the voltage follower configuration were employed to drive the DUT
and adapter grounds separately to the same ground potential as the
reference module ground, Care was taken in the selection of adapter
devices to minimize power consumption (by using low power Schottky for
example) and keeping the driven grounds disconnected from machine
ground, Offset voltage trims were implemented on the QP 05s to
enable adjustment of the . JT and adapter grounds to O V relative to
the Ref. D/A ground. The technique worked exceptionally well and
contributed largely to the ultimate success in obtaining better than
t+ .05 LSB measurement accuracy on linearity measurements. A 12 bit
D/A converter in the unipolar mode on the O to 10 V range has an LSB
voltage increment value of 2.44 mV., * .05 LSB equals * 122 mV, a
very small voltage,

Also employed, as shown in Figure 6. are buffer amplifiers for the
Reference D/A output and the Reference Voltage output. The amplifiers
are differential and remote ground and output sense lines are employed
to prevent line drop from deteriorating measurement accuracies,

It should be noted that the reference module when used with the 83260
test adapter provides a simple setup for bench testing. Aside from
some test equipment, all that is required is the undersocket card
interface. This feature enables the DUT to be tested with access to
all of the adapter circuitry on the under socket card that is not
readily accessible on the $3260.

The method employed for teecting the linedarity and accuracy of the 562
is illustrated in Figure 6.2. The Reference D/A output voltage is
fed to the 10 volt span resistor (DUT pin 10) via relays K1 and K5,
Both Reference D/A output drive and Reference D/A output sense lines
are switched separately and connected together at DUT pin 10. For
any given DUT address the difference between the DUT output and the
Reference D/A output are compared, inverted and amplified. Use of
the 10 volt span resistor is possible because the span resistors are
laser trimmed to compensate for full scale current deviations from
nominal and provide nominal output voltage when used in conjunction
with a3 zero offset external op amp. If full scale current is low by
107. from nominal then the span resistor will be high by 10%. With
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all relays deenergized the error amplifier offset voltage is trimmed
to OV, E5 = 0 V. The Reference voltage is adjusted to + 10.0000 V a
adapter pin 22, as read on a Fluke 8500ADVM. The Reference D/A
address inputs are set to all zeros, relays K1l and K5 are energized
and the Reference D/A output voltage at DUT pin 10 is adjusted to )
(offset adj) to - 10,000 V, as read on the Fluke 8500, The Reference
D/A address inputs are then set to all ones and the Reference D/A
output voltage at DUT pin 10 is adjusted (gain adj) to + 9.9951 V, as
read on the Fluke 8500, The Reference D/A output voltage, the Ref-
erence voltage, and the error amplifier have been calibrated and the
test proceeds. With the DUT address bits all zeros, the Reference
D/A output voltage is incremented by a small but finite voltage and
the change in voltage at the error amplifier output noted. Dividing
the change in output voltage by the change in input voltage provides
the error amplifier gain (inverted) which is necessary to accurately
measure the Reference D/A output voltage divided by the 10 V span
resistance for a given address is compared to the DUT output current
for a corresponding address. It should be noted here that the Ref-
erence DAC employed required complimentary logic. 1In Table the
codes are shown as such, eg all O's applied to the DUT provides a
nominal - 3,997 KV (equivalent) output. All 1's applied to the Ref-
erence D/A provides a nominal + 9,9975 V output and all "O"s applied
to the Reference D/A provides a nominal O V.output. The reference
module enables a complimentary of the Reference D/A address inputs

to enable the same address codes to be applied to both,

To measure linearity, the DUT equivalent output voltages (I, Rj) at
zero and full scale are obtained by measuring E, (adapter pin 31) for
all DUT and Reference D/A out bits off and for all DUT and Reference
D/A out bits on respectively. The DUT equivalent output voltages are
calculated using the following relationship

Io Ry = = ( % + Reference D/A out)

A straight line is established between these two points and subsequent
measurements of DUT outputs for any given address can be compared to
the straight line which is the ideal linearity curve., The equations
for linearity and gain accuracy are given in more detail written the
automatic test program development portion of this report.

One other important factor to consider in testing 12 bit D/A converters
is temperature stability. Warm up time before test varies from

vendor to vendor. The device dissipates as much as 600 mW and it will 3
take a finite amount of time for temperature to stabilize upon turn
on, Just how long the stabilization period allowed should be depends
upon how fast the codes are tested. Vendors using the abbreviated
test method for measuring linearity are not as sensitive but not
insensative to thermal shifts. 1In testing the devices on the §3260
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in the all codes linearity test mode the data obtained was very sen~
sitive to stabilization time just as the data would be in a bench

test setup. All final test data was taken, abbreviated and all
codes, after a soak at temperature of 12 minutes, The long stabili-
zation period was probably due to the fact that the temptronics unit
cools the DUT directly but does not cool the lower portion of the

DUT connector: There is a steady flow of room underneath. The stabi-
lization time is probably related to the time it takes for some
equilibrium condition to occur.

Test Program Development

A test program was developed for the Tektronix S-3263 to enable auto~
matic testing of the 562, 12 bit monolithic D/A converter. Figure

6.2 shows the schematic diagram of the test circuit which includes the
Reference Module and the S-3263 Test Adapter (see Figure 6.5 aud 6.6
for photographs),

A calibration sequence is always run at the start of testing to insure
that the zero and full scale output voltages of the Reference DAC and
the DUT reference voltage are accurate, Adjustments are provided on
the Reference Module for trimming the latter voltages. For calibra=
tion there are jacks provided on the Test Adapter to connect an ex-

‘ternal, highly accurate, DVM (e.g. Fluke Model 8500A or HP Model

34554).
The test program proceeds as follows:
1, Power Supply Current from Vee Tee)
I.. is measured with all DUT address inputs at logic 1l's.
+15VDC is forced to pin 1 and I.. is measured. (K5 is
energized)
2, Power Supply Current from V.e (Igg)
Igg is measured with all DUT address inputs at logic 1l's.
-15 VDC is forced to pin 6 and Igp is measured. X5 is
energized)
3. Logic "1" Input Current, I (CMOS)
Logic "1" input current is measured by forcing +15 yDC on I/0

pins 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, aad 35, one
at a time and measuring Iyy. (K6 energized)
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10.

Logic "0" Input Current, Ijp (CMOS)

Logic “0" input current is measured by forcing 0 VDC on pins ;
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, and 35, one at a
time, and measuring Iyy. (K6 energized)

Full Scale OQutput Current, I,pg (ITL)

Full scale out current is measured by setting the DUT address
inputs to all 1's, forcing the output pin.22 to O VDC, and
measuring the current flow, Igpg., Voo =+ 5V (No relays
energized)

Zero Scale Qutput Current, Igz., (TTL)

Zero scale output current is measured by setting the DUT add-
ress inputs to all 0's, forcing the output pin 22 to 0 VDC,
and measuring the current flow, Igz. Vee = + 5V (No relays
energized)

Zero Scale Current, I,z (CMOS)

Same as 6, except Voo = + 15 V and (K6 energized)

Loz )
Irg (25°CY) AT
Test is performed as in 6 & 7 and the.value of I,y noted for
each temperature at which test is performed., For temperature )
ranges tested within the operating temperature range of -55
to +125°C the drift shall not exceed the limit specified in
Table 1,

Zero Scale Drift ¢

Bipolar offset Current, Igyp.

The reference voltage, + 10 V, is applied at pin 19 and
appears across the bipolar offset resistor (Ry) and avso“rv
series resistor with K3 and K 4 deemergized. Ij;, = R

where VR is the measured voltage drop across theIEOSL'gg§iscor,
Gain Error (GE) in TTL mede

Unipolar gain error is measured with the test circuit config-
ured as in Fig, 2 (K1, K2 and K5 energized)
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418v
Vo2 +sV0e (TT0)

kA

Simplified schematic,

(a) Set DUT and REF DAC address inputs to all zeros (output
off) and measure Eg(0). This voltage included REF DAC
offset, OPO5 offset, and DUT Unipolar Offset.

®) Set DUT and REF DAC address inputs to all ones (outputs
on) and measure Eq (FS).
Eo = Eo(FS) = Eq(0) (6-1]

A § 1
Let.R; RI+R3

The equation for output voltage can then be written:

- . Ry + RF
Eg = Gl VREF ‘n) + Vros + (Io(n) + IOZ) RY * = Vxo

r + Ry
-, . Vros 61 = Iop Rp * () Vxo
= =Io(n) Rp + Gl Vggp () + FIXED OFFSET ‘_L s

for any address , Amplified noise, offset current,
offset drift, and Zi are neglected.
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where
I,z = DUT leakage current (all bits off)
Vgos = REF DAC offset voltage

and Vg, = external op amplifier input offset voltage (0OP-05).
Combining offset and leakage terms:

Rp Rp + Rx 6=3
Eg(0) = = Ioz Rp - Vpos (Tq) i[—xx— [6-3]
Substituting in eg 6~2
R -
= - _F 6-4
Ey = IRy = Vipp Ry + Eq (0) L ]
R
Since the exact value of R; is not known, the gain F must be

measured. With all bits off on the DUT and the REF 1DAC measure
Eo(o). Leaving the DUT in off state, address REF DAC input with
0000 0000 1110 and measure E, (14).

G-l @0 - B [6-5 |
Goop) @3 + 22 4 2D
0

Assuming that + 1%6%3 is an LSB of REF DAC
$3260 measurement accuracy for Gl A + 0,4%
then
E, = Eg (FS) - Eg(0) = -[(ID(FS) - I0(0)) Rp + YREF(FS) -2—?]
FS output voltage = IO(FS) = I,(0) Ry =
(referred to error EO(FS) - Eo(0)

amp. input) = T < VREF (FS)

= Vggp (FS) + Io (FS) Ry [6'57




11.

12,

P Tl L &3
: Gl
(spec. is given in mV) :
Device Types 01 Max error amplifier output voltage , %
If Rg = 5Mand R} = 5K ¢ 25% (Init. Tol.) ;
Eo (max) = Gl (max) x Unipolar gain error (max) é
S TT-. + 25 x 1073 =+ 3,333 vV for max, unipolg;g %
(3.75K) gain error and max. gain. ;
Error amplifier is not going to saturate.
Device Types 02 -
If Rp = 500K and Ry = 25K * 257 (Init. Tol.)
Eo (max) = Gl (max) Unipolar gain error (max)
&9,

- F 8.333 V for max unipolar gain error and max gain
Error amplifier is not going to saturate ,

Machine error contribution to the latter measurements is less than
27 of the unipolar gain error (negligible),

Gain Error (G¢ ) in CMOS mode

This measurement is performed similar to (10), but with V.. =
+ 15 VDC, Vg = + 10.4 , and K6 energized. -

Gain Error Drift (?-5-%%—&)

The unipolar gain error drift is derived by measuring unipolar gain
at the -55°C, + 25°C, and +125°C and calculating the average temp~
erature coefficient for each excursion from +25°C separately.
Namely, the temperature coefficient from + 25°C to =55°C and the
temperature coefficient from + 25°C to + 125°C. The largest of the
two measured values is displayed, Step 10 or 11 describes the

method used for measuring unipolar gain for TTL or CMOS interfaces
respectively,
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Bipolar Offset Error, BPOE

LY
{ e .
< =

.0(~\F’

-0V

% Y
Vogr 2 410V S‘:L()l

S0
BPOE test circuit.

BPOE, as specified in Table I is the DUT output offset voltage
will all bits off, + 10 v + .01% applied through 50 & to the
bipolar offset resistor (OUT pin 7), and -~ 10 V + .01% applied
to the 20 V span resistor (DUT pin 11) with relays K2 and K3
energized, BPOE includes the effects of unipolar zero offset
current., ' :

Prior to proceeding with this test the following conditions

must be met or adjustments made to bring the voltages into
tolerance

VI-19




VREF = 4+ 10,000 v = ,01%

- 10,000 v = ,01%

3

VREF

Eo =0 £ 5 mV with all relays deenergized. If not, trim
offset adjust pot. For Eo = 0 £ 5 mV.,

{a) Set all DUT address inputs to "O"s and all Ref DAC add-
ress inputs to “1"s. Energize K7, K2, K3, and X4
in that order (K6 also if in CMOS mode) and measure Vg
(adapter pin 21),

(b) Set Ref DAC address inputs to 1111 1111 0001 and measure
V; (adapter pin 21)

vy - Ve)
Gy =1- 10 f6-10]
o) 14
(c) De-energize K4 and energize K7 and measure V8 (adapter
v
BPOE = &
G2

14. BPOE Drift
Repeat 13 for temperatures within the range of -55 to + 125°C
and calculate RBEOE measured values shall be equal to or less
than the values ~specified in Table I.

15. Power Supply Sensitvity Full Scale Due to Vee (ITL).
With the DUT in the unipolar mode, K1, K2, and K5 energized,
Vee = + 5.0 V, and Vgg = = 15 VDC power supply sensitivity is
tested, '

(a) Set all DUT address inputs to logic "1"s and all Ref DAC
address inputs to logic "0"s (outputs on).

" E

0 .
=V FS) - I,(FS)R} neglecti offsets
RF/R] REF pac (FS) o(FS)R] neg ng
Ry By
or Io(FS)Ry - Vger pac (FS) = Eo R/ Gl b-11]
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Gy - -

Varying the positive supply voltage, V.., by + 10% will
cause E, to vary by some AE,.

AE_|
1 change in DUT output =) —E—Q where in
+ PSS1™ = for + 107 change in L Table ITI
Voo with all bits on

AEO = V].O - V9

Vo - vy

'[oure]

The resulting values shall not exceed the limits speci=-
fied in Table I.

- lvlo - Yy
1~ G

(b) Set all DUT address inputs to logic "O"s and all REF DAC
address inputs to logic '"1"s (outputs off).

Varying the positive supply voltage, V.., by + 10% will
cause E, to change by some amount, AE,.

. f change in DUT output * AE Vi3 = V12
1 + PSS1 =| for 10% change in V_ .| =’ no‘ = G
with all bits off, v

or =‘Zl3—;-ﬂ'&-\ [6-13] ;

The largest resulting value shall not exceed the limits
specified in Table I.

The largest of the two errors (+ PSS1' or + PSS1") will
be printed out and the conditions along with it. (V..
& address)

16. Power Supply Sensitivity at Full Scale Due to Vo (CMOS)

With the DUT in the Unipolar Mode, K1, K2, K5, and K6 ener-
gized, V.. =+ 15 V and Vgg = = 15 VDC power supply sensi-

tivity is tested. Procedure is same as in 15, but with V..
varied + 10%.,
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18'

Power Supply -Sensitivity at Full Scale Due to Vgg (CMOS)

With the DUT in the Unipolar Mode, K1, K2, K5, and K6, ener-
gized, Vee =+ 15 v, and Veg = - 15 vDC power supply sensi-
tivity is tested. Procedure is same as 15, but with Vg
varied * 10%.

Linearitx

Some manufacturers use bit weight errors to determine the
maximum positive and negative linearity errors with respect
to a straight line between zero and full scale outputs. This
method is valid for testing linearity if there is no appre-
ciable bit interaction, thermal or other. Excessive bit
interaction is apt to result in bit weight errors that are
all in one direction. The maximum error would then seemingly
occur at DUT input address of all ones. However, the DUT
errors are calibrated to zero at full scale so the techaique
is not valid.

At this point in the test program development it appears that
a vendor whose devices exhibit appreciable bit interaction
would be required to test all 4095 outputs. The answer to
this question and others will be a result of the character-
ization study.

As a part of this characterization the bit weight errors and
corresponding linearity will be measured repetitively starting
from initial turn on to acquire some data on the effects of
thermal interaction on linearity measurement accuracy.

Linearity will aléq be measured for all 4095 codes after
suitable warm up, A number of measurements will be made to
check for repeatability,

1) Abbreviated Linearity Test Using Bit Weight Errors

Measure E, and. store for each of the following digital
address inputs with same aidress applied to DUT and
Reference Module;:




O
COOoOO-

CODOLOLOLOLOOCO M
(=)
HFOrFRr~0O0Q0Q00O0O00O o

O F OO0 O0C OO0 LOOOOLOCO -
[w]
(=]

_—O00OO0OO0OOUOUOCUOULULODOODODDLOLLDOO ™
OHOFRFRODODOCOOOQ
OrRPOMHEOHFEFMFOOLOOOCOODOOOODOOOOOO
OO HROMHOHHFHEFOOUOUUODOLOCOODOOOODOOO M
OFHOMROMFOFRFOFRFMMOOCODOLOOOLOOO0OH
O QOHROMFROHOFQOMROFFOHFMFHFOOOOOO M
OrH OO OHOFOFEHOHOHFOREHEOQOO™
OHOMROFEFOFOMFOFOROROROEM~OOM
OrOrHROFHOHNOHFOMNOMROFHOROHOROM

OCrO~MOFOFROFRODHFHFOOQOO

OCrr QO O~RQ+=QOF

Establish a straight line with zero and full scale mea-
sured values. Calculate bit weight errors and derive
addresses for both maximum positive bit weight error and
maximum negative bit weight error.

All measured outputs for the above listed input addresses
shall be linear to within * 1/2 LSB.

Apply the address for maximum positive bit errors and
output shall be linear to within 1/2 LSB.

Apply the address for maximum negative bit errors and
output shall be linear to within 1/2 LSB.

Subtract Pos. BWE from Neg. BWE store and record. Major
Carry Errors (MCE) shall be less than * 0,9 LSB (-55 to
+ 125°C).
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6.4.2 Monotonicity

Oae of the most important parameters of a D/A converter, if not the '
most important, is monotonicity. A D/A coaverter is mounotonic if, for

an increasing address (eg O - 4095), the output voltage/current con-
tinuously increases (or decreases if logic is complementary) and if, for
a decreasing address eg (4095 - 0) the output voltage/current contin-
uously decreases (or increases if logic is comple mentary). ‘

The manufacturers recommending the abbreviated test method measure

differential nonlinearity and claim that monotonicity is zfﬁugeﬂsﬁf |

the differential nonlinearity is & * 1 LSB. eg D.N.L. "“ZEE"“H
N

where LSBy is normalized LSB.

and QAE is the value Eo(n) = Eo(n-1)

and 0 £ n % 4095,

Part of the characterization task will be to examine the validity of
testing monotonicity via major carries.

Monotonicity will be tested by the following sequence:

 (a) Set. Ref. module and DUT addresses to all O's and measure the
error amplifier output voltage, Eq(0)-

(b) Increment DUT address by one count and measTre the error ampli-
fier output voltage, Eo) + Eo(0) - Eog(0)  must be greater

. .Ehan‘o‘ V'. .. . - - P e . e - . e - P .« -® . . - 4
(c) Increment Ref. Module address by one count and measure EoQl)-
Then increment DUT address by one count and measure

Eo)y » Eoqu) - Eb(l)l must be greater than 0 V.

(d) Repeat for all 4095 addresses. I1f for all addresses
Eo(n) - Eo(n)lés 0. The D/A converter (DUT) is monotonic.

NOTE: Linearity can also be measured at the same time without util-
izing much memory,

Linearity - (All addresses)

Linearity can be measured along with monotonicity by first measuring
the zero and full scale error voltages Eo (0) and Eg (4095), to estab-
lish a straight line and then measuring error voltages for all add-
resses in between relative to the straight line, Only max positive




and max negative deviations and respective addresses need be stored,
However, for the purposes of characterization, the bit weight errors
will be stored for comparison to BWEs measured in the abbreviated
linearity test, After measuring linearity of all codes, repeat
Eq(4095) and Eg(0). If Eg(4095) - Eo(0) differs from the earlier
measured values by % ,05 LSB, repeat the sequence. If the latter
condition is not met after two passes, stop the test, and indicate
that DUT outputs are not stabilizing.
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Appendix "A"

VREr (m)

Eo (m)
Eo (0)

Vor (m)

VoM (m)

Eo (m)

z Veer ()

*_ (Vger (M)
Vouy (@)1

3 VOI (n)

Linearity
Error

' _Linearity Equations_

Ref, D/A output voltage at address "M'".

Amplified difference voltage, Difference between
Ref D/A and DUT output which includes offset voltage.

Amplified offset voltage which includes contributions
from Ref D/A, DUT, and difference amplifier.

DUT output voltage on ideal straight line between
zero and full scale for address "M'., (referred to
error amp. input)

Measured DUT output voltage for address '"M". (referred
to error amp. input)

and V, (DUT) = I, (DUT) R; (referred to error amp. input)

= IO (m) Rl +VREF (m) Gl
Vger @) - Vegp (©)
4095

) n + VREF (O)

+ I, (n) R}) Gl =E, (n)

Io (@) Ry = Egaéﬁl - Vrgr (@)

FS) - :
,Von (Fs) Yo (0)) n + Voy ()
4095

= Vom (@) - Vor (@

where n is any address from 0 - 4095 and FS is 4095
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6.5 Evaluation of Data

6.5.1

6.5'2

Dynamic Test Data

Settling time data was measured on 13 devices (Device Type 01) and
the resulting data is listed in Table 6.2, Photographs were also
taken and a typical set for a given device are shown in Figure 6,7.
Settling time ranged from 400 to 600 nsec. The six devices supplied
by Vendor "13*  to GEOS wiih data (S/N, 4310 - 4315) exhibited
settling times that were significantly less than the other devices
tested, approximately 400 nsec settling time compared to 600 nsecs
for the others, For all devices the "on to off" settling times were
appreciably less than the "off to on" settling times, as much as 457%
less for the slower devices and 30% less for the faster ones.

In the expanded photos shown in Fig. 6.7 there is some high frequency
ac (damped) riding on the envelope of the signal, This ac is almost
certainly a contribution from the test circuit, probably due to layout
and wiring, The test circuit and the oscilloscope (plus preamplifier)
employed appears to be adequate for testing device types 0l., A
sampling type preamplifier might be required to test device type 02s
because of the lower settling times,

Static Test Data

Power Supply Currents

The supply current limits for the 562 appear to be adequate. Icc
seems to run towards the high side of the limits but it doesn't seem
to change much from device to device.

Logic Input Currents

LY v e .

Devices tested seem to fall well within the limits specified. Ipy
seems to increase randomly from one device to another at =-55°C and
occasionally over-ranges. This problem is almost certainly due to

some slight condensation on the bottom of the DUT connector. Currents
measured are low nano-amperes and should decrease at -35°C. Repeat
tests on a sampling of devices has shown that it is not a device
problem.

Logic "0" input currents (I,,) all measured well below the specified
limits. Measured values were in the low nano-amperes range while
specified limits are + 1 to - 200 uA. ’

Full Scale Current

Devices tested seemed to fall well within the limits specified.
Limits specified are adquate.
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Zero Scale Current

All devices passed these tests comfortably. Limits are reasonable.

Zero Current Drift

All devices passed these tests by good margins. Adequately specified
limits.

Bipolar Offset Current

All devices passed this test with wide margins. . This test is largely
a measure of the bipolar offset resistor. If full scale output cur-
rent is below nominal this resistor value will measure above nominal
by almost the same amount. Although not tested directly the span
resistor values will track the bipolar offset resistor values. It is
because of this relationship between the resistance values and the
F.S. output current value that the gain error is so low in spite of a
+ 25% tolerance on full scale output current.

Gain Error

All devices pass' these tests with comfortable margins. Limits are
adequate,

Gain Error Drift

Four devices failed this test over the range + 25 to - 55°C and six
others came quite close to the limit. A couple of devices that
failed measured slightly more than twice the limit specified. It
should be noted that the maximum average temperature coefficient tab-
ulated is not the average over the full temperature range but the
worst -case *of ‘the "two" averéiges wver the=temperature ranges-of + 25 toe
+ 125°C and + 25 to -~ 55°C. Averaging over the fuwll operating temp-
erature range would probably make the devices look better and some
might even pass.

Bipolar Offset Error

All devices passed this test and it appears that this parameter is
conservatively specified. 1It should be noted that the manufacturer
sets the bipolar offset resistance 50 ohms low to allow for the
insertion of a 100 £l potentiometer in series with the resistor to
adjust bipolar offset error to zero if so desired. A 50f)s resistor
was inserted in series with the bipolar offset resistor for this test
to achieve nominal value,
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Bipolar Offset Drift

All devices passed this test, most by a .comfortable margin,but from
+ 25°C to - 55°C» A couple of devices came to within approximately
50% of the specified limit,

Power Supply Sensitivity

. fad .
Power supply sensitivity was tested for CMOS and TTL operation with
all bits on and with all bits off., CMOS power supply sensitivities
were tested at V., =+ 5 V and Vo, = + 15 V. Measured values of
output voltage variation were in no case greater than * 100 uV with
+ 10% supply voltage variations. This parameter appears to be ultra
conservatively specified, especially for Vgg., It would appear that
a + 500 uV limit for all supplies would suffice over the full oper-~
ating.temperature range.

Bit Weight Errors

All devices tested passed the Bit Weight Errors (BWE) tests. BWEs
were generally quite low at + 25°C. At + 125°C BWE degraded slightly
but the most significant changes occurred at =55°C., It appears that
the manufacturers do their screening at + 25°C and select devices
with low bit errors to allow a safe margin for variation at -55°C.
Figures 6,8 - 6.10 and Figures 6,14 - 6,16 illustrate this feature.

It is interesting to note that there seems to be a recurring pattern
to the Bit Weight Errors and Major Carry Errors, as shown in Figures
6.8 - 6.13, The current switches in this device are identical quads
with scaling resistors at the outputs of the two lower order quads.
The recurring pattern seems to reflect scaling resistor errors and
drifes, :

. . . @ a s . - @ ® o hd
. -

The Bit Weight Errors measured in the "Abbreviated Linearity Test"
correlated quite well with the Bit Weight Errors extracted during the
extended linearity test. Some of the differences noted, however
small, were probably related to temperature stabilization time,
especially at - 55°C. Bit Weight Errors and Major Carry Errors for
both the abbreviated and extended linearity tests are displayed side
by side for comparison. .

Summation Bit Weight Errors

The accuracy of the summation of (+) Bit Weight Errors and the
summation of (-) Bit Weight Errors in defining the worst case posi-
tive and negative linearity errors respectively is dependent upon
how much interactive error is present in the device. The devices
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tested exhibited very little interactive error, as demonstrated by

the low values of § (+) NL + $ (-) NL. Typically the values were
<+ ,05 LSB. Confirmation of the low interactive errors was achieved
by the close correlation of the Extended Linearity Test data with the
Abbreviated Linearity Test data. In the extended test all codes were
tested and the addresses of the maximum positive and maximum negative
linearity errors were recorded, Although the addresses of the maximum
positive error and the maximum negative error were not always exact
complements, the § (+) NL + $_ (-) NL were always within 0.1 LSB.
The smaller the bit errors the more unpredictable the addresses will
be. Better correlation would be achieved if all bits with measured
bit weight errors of < + .05 LSB were weighted as logic "0"s,

Figures 6,8 - 6.10 illustrate Bit Weight errors for abbreviated and
the extended tests and the addresses of the worst case positive and
negative linearity errors for each test are tabulated below the graph,
Extended Linearity test data is not listed in Table III. It only
shows up in the data plots for comparison purposes,

Major Carry Errors

Major Carry Errors were generally well within the specified limits of
%+ 0,9 LSB in the abbreviated test. Although monotonicity is tested
accurately for all codes in the extended tests, major carry errors
were extracted from the extended test data for comparison to the
abbreviated test data, Comparisons were good as shown in typical
device MCE graphs in Figures 6.11 - 6,13,
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6.6 Conclusions and Recommendations

The characterization of the 562 was successful in accomplishing all of
its primary ebjectives. Although only one Device Type (01) made by only
one vendor was characterized, its performance over the full military
operating temperature range was evaluated and it performed well, Twelve
devices doesn't constitute a large sample but it's enough to indicate
potentially sensitive parameters. The only parameter that appeared to
be marginal was gain error drift with temperature. 5 ppw/°C is not
large enough. The limits should be increased to 10 ppw/°C at the least.
Generally, parameter tolerances tended to be conservative. Logic '"0"
Input Current appears to be much too loosely specified. None of the
values measured were in excess of * 20 nA, yet the specified limits are
+ 1—»- 200 mA., It is recommended that the limits be reduced to

+ 1= = 200 nA. Another parameter that appeared to be much too con-
servatively specified was Power Supply Sensitivity. Generally, the out-
put variations in response to * 10% power supply variations were less
than * 100 mV and in no case did they exceed * 200 uV over the full
operating temperature range. Also, the sensitivity to the negative
power supply was no worse than to the positive. It is recommended, there-
fore, that one limit be applied to both the positive and negative power
supplies over the full temperature range, * 800 uV. Linearity was good
and superposition (interactive) errors were ext remely low, &* .05 LSB.
The device tested is an excellent candidate for performing "Abbreviated
Linearity Testing" since the device is linear and superposition applies.
A device that is not linear and exhibits interactive errors that should
be compelled to perform "All Codes Linearity Testing," unfortunately
devices of this nature were not available for characterization. Never-
theless, anticipating that such devices will eventually be tested, the
following recommendations are offered:

1. Devices that exhibit low interactive errors (¥ + ML 43 -- NL= 0.1 - e
LSB) be permitted to perform "Abbreviated Linearity Tests" while
those that do not must perform all codes testing.

2. The device slash sheets be modified to include at least one and
- possibly two more interactive error tests at half scale and three
quarters full scale., e.g.

0111 1111 1111 + 1000 0000 0000 0.1 LSB and

0100 0000 0000 + 1011 1111 1111 O.i LSB
Without the inclusion of one or both of the latter tests a device
with interactive errors in excess of * 0,1 LSB but whose bit weight

errors each are £ 0.5 LSB could pass the "Abbreviated Linearity
Test”., If all bit errors are negative the address of . - NL would

vi-31




be all 1ls and the address of Z + NL would be all 0's. Both of the
latter addresses are calibration points on the ideal tinearity curve
SOZ+NL+ Z'-NII=O.

Some vendors have suggested walking a zero through the test pattern
but that is not as effective as the proposed two tests, Addition
of the walking zero codes, if implemented, should be in additiom to
the proposed test addition,

Another recommendation pertaining to guaranteed monotonicity is to
apply a + 0.9 LSB limit to Major Carry Errors in cthe "Abbreviated
Linearity Test" to allow for measurement error and interactive
errors, however slight, that could make a marginally non-monotonic
device appear to be monotomnic or vice versa. Failure to meet this
requirement would not necessarily constitute a device failure. 1If
MCE is in the range of 0,9 LSB< MCE < 1.1 LSB the device must be
subjected to "All Codes Linearity Test" in which monotonicity is
more accurately tested for all codes. Inability to pass this test
would constitute a failure,

Settling time measurements appeared to be valid but without the
manufacturer's test data the results could not ‘be correlated. Results
appear to be significantly better than manufacturers indicated they
would be.

Another objective of the 562 characterization effort was the develop-
ment of automatic test capability for testing the device on a
Tektronix S3260. This was made possible by the use of a Reference
Module which contains an 18 Bit Reference DAC, buffers, and active
ground drivers., A Fluke 8500A (5 1/2 Digit DVM) was employed via
IEEE bus simply to calibrate the test setup at the start of testing.
Once calibration is done it is not repeated for subsequent DUT
testing. .The aceuracy ef -the tester-is exXceillent 'and “s6 was cor-
relation with manufactureér's 25°C test data on devices S/Ns 4310 -
4315. Correlation was within = .05 LSB.
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Table 6.1 Electrical Performance Characteristics

Device 1
Conditions: . 0] Rimjcs] 02 llmicq
Characteristics Symbol Min Max__IMin Max lUnits
Supply Current
from Vec Ice All input bits logic "1" 3 18 3 18 mA
Supply Current
from Vee lee All input bits logic "1'" -25 =51 =40 =5 ]mA
Logic '1" Input ]v,',n "(Logic "1") = + 15 V, Each
Current IIH | input measured separately = 1( 41001 =~ 1} +100 nA
Logic "0" Input Vin (Logic "0'") = 0 v, Each
Current I1L input measured separately -200 +1]| -200 +1 [wA
Full Scale All inputs logiec "1" u
Current Irs Vo =0V -2.5 | -1.5) -6 -4 m4
Zero Scale All inputs logic 'O % 7S
Current (TTL) |Izsi Vo =0 V, Vec = + 5V, TA = +25°C -.05 ! +,05(.-.05| +,05 |Cur: :at
Zero Scale ALl inputs logic '0" % FS
Current (CMOS) |Izs2 Vo = O ¥, Yec = 415 ¥, Ta = +25°C -.05] +.05] =.05 | +.05 jCurrent
“Zero Scale a IZS/ All inputs logic "O" PPM
Drift AT _lVec =+ 15V -2 +2] 21 +2ilrs/c®
Bipolar Offset I : !
Current BIP 0.725] 1.25 2  3imA
Gain Error v All inputs logic "1" i 1
(TTL) FSI1 Vpsy = Vo - 9.99756 i
_Vee =+5v, Ta=4+25% =25 | +25| -25| +25]mv
Gain Error v ALl inputs logic "LV 'l

(cMOS) FS12 VFsT = Vo - 9.99756 !

Vee =+ 15V Th a4+ 25°% =25 | 425, <25 ~vi5im
Cain Error Vgsl/ ALl inputs logic "1" ! PRM S
Drift AT __Vece = -5 +51 -5 +5|VFS/C
Bipolar Bit 1 = logic "1" . !
Offset Error BPOE Bits 2 -12 = logic "O" . , X

Measure Vo - 0 V TA = + 25°% | =20 +20, -20 ! +20{mv
Bipolar ‘All inputs logic "O" } i
Offset Error A BPOE i . i PPM
Drift IMeasure AVo -4 | -4 -4lVrs/c®
Power Supply iVee = + 5V £+ 0,5V (=4 i
Sensitivity { }
At Full Scale |+Pssl . . . .. e elam+.25%. - 4 -800 b +806 . --800 | +800|uV
From Ve¢ =~ ° | =~ | 1 :

(TTL) : Ta = - 55 xo + 125°C 1.6 +1.61 -1.6  +1.6/mV
Power Supply Wee =+ 15V 1.5V . |
Sensitivity |
At Full Scale {+Pss2 | Ty = + 25°% -800 | +800 | -800 | +800| pV
From Vec i .

(cM0s) N Ty = - 55 to + 125° -1.6] +1.6] -i.s +1.5L5L
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Device |
Conditions: See Note 3 0l limits] 02 limi._tg_;]
Characteristics! Symbol Min Max | Min Max JUnits
Power Supply VEg * - 15V 1.5V 2 .
Sensitivity AEI inputs logic "1" Tp = + 25°C -1.6 | +1.6f -1.6] +1.6 mV
At Full Scale @ -PSS1 X
From VEE ,
Tao = - 55 to + 125°% | 3.2 +3.2 -3.2] +3.2mv
Bit Errors Bl - B2 Turn on 1 bit at a time and measure L'
Vo relative to REF. DAC output,
Ta » - 55 to + 125°C ‘=1.221 41,22 -1.22 +1.22 [mV
Summation of Turn on all bits with Positive bit L} [
Positive Bit errors and measure Vo relative to .o
Weight Errors | 3 (+) BWE| REF. DAC Ta = - 55 to + 125°C '-1,22] +1,22 -1,22 41,22 ]mv
Summation of Turn on all bits with Negative bit L%
Negative Bit errors and measure Vo relative to
Weight Errors Z(-) BWE ] REF. DAC To = - 55 to + 125°C |-1.22] +1.22 -1.22 +1.22 |mv
Ma jor Carry MCl - MCl1l] 4000 - 3777 (Octal) to 2 -1 L+ i
Errors
TA = - 55 to + 125°C =2.2 | 42,2] -2.2 42,2 |mV
Output Current All inputs switched simultaneously.
Settling Time |tgry Time to settle to within 1/2 LSB of
0 to FS final value - 1 ~ 0.4[psec .
Output Current All inputs switched simultaneously.
Settling Time | tgyL Time to settle to within 1/2 LSB'of K
FS to O final value 1 ~ 0.4]psec
Bit (+) BWE
Interaction 1+ (=) BWE[ -0.25{40.25] -0,2§ +0.25|aV
N
Notes: 1, The compliance voltage range varies from one vendor to another. Devices

Table 6.1 Electrical Performance Characteristics

with a finite output resistance wiil draw additional current proportional

|

to compliance voltage., eg. If Ry m 6 K . and compliance voltage equals
+ 1 V the output current will increase by 0.167 mA. This curreant is a
fixed offset current. This device is not a multiplying DAC.

2. This test is performed in the unipolar mode over a 0 to + 10 V range. Ome
LSB is 2.44 av.

3. The operating temperature range is - 55 to 125°C unless otherwise stated.
Vee = + 15 £ .15V
VEE = ~15% .15V
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Figure 6.5.
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$3260 test adapter for the 562, D/A Converter.

Reference module connected to
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the 33260 test adapter,
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Figure 6.7. Settling time waveforms (typical device type 0l).
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TABLE 6.2. Output Settling Time Data

Device Tyﬂe 01

Serial Number All Bits Off to All Bits On to
of Device All Bits On All Bits Ooff
00005 500 ns 260 ns
00019 480 ns 300 ns
00020 500 ns 260 ns
00021 480 ns 260 ns
00025 480 ns 220 ns
00035 480 ns 360 ns
00048 480 ns 245 ﬁs
04310 400 ns 290 ns
04311 370 ns 240 ns
04312 360 ns 240 ns
04313 370 ns 245 ns
04314 380 ns 245 ns
04315 400 ns 240 ns




*t=) HEVQ ¥ SV QILIUGNIINT 38 NVD L1°10WT ON SNUBW NWN10D SLINIT NI (0) ON32°3183L0N §

Woes  ue'e? g 48 we st W te Wty urC'y Wity 34 S-943 LMON L10°
“'ees uget- Wes'é o = WL'PIe Wb * 13 -3l LHON 318
003 WEe'o- TR urs's WE'Lt [ )] -3 1MON 118
No0E uets- TR 3% o [ AR ) ] AMOA 118
N N uy €8- wiete~ s AN0NA 118
“'o0s uec'dt We g€~ WE'Bl- W't e 0N 416
H'008 NF'HI- wE 08~ WE'ES-  ws'iE- 9 iM0N 118
W0 WLty [T 33 o W 9C Wi 6o~ s AHON 118
W00  uWte‘a- we v~ we'te WweE't » 4HON L1€
K ] WLl W20t W or- W 6v- €. AHOA 416
- 00s w399 We'Ee [T 14 us'1g 2 SLIS-y¥3 1MON LIS
N'00S N8 LS- we'ct- Wot*y Wes 1~ T SiI8-uM3 LHOA (I8
2091 918 (I8 & 80 8°S€ CNOT1-1 (1iL) 18Sd-
09t oL~ [ (M} 12°9 »°ST- Cx0T+1 (1LL) 1S84-
‘o8 €5°r- v2s e '1E- | IS 8°L8- ‘o008~ C%01-1 (SOW)) 2554+
“ 008 0Ll 9°9L- [ L M ] 9°99- o‘1E- -008- E£X01+]) (SOMD) 2§Sd+
s2°% [ 234 (A5 4 w596 W°ses H°SL6 W'0SL “ddN) 135440 go.:“
[ M 000 [T M} 00°0 00 00’0 9Q0'e- 14180-201
2001 [ M ‘pit- §°89- 5°09- 0°2L~- X000 1~ SOWI-"NMNI IT¥IS 0N3I2
x00°1 00°S 0°2L- 0°8€- §'ce- 0°8S- xo@° I~ T41-"WENY 3OS ON3IZ
wW 052 ee'2 »6°1 81°2 82°2 [ »6°t €6°% 0s°1 S0WO-*¥3N) 31¥IS 1IN4
YW 05°2 e2'2 »6°t Lrre ge-2 26t [£- M} E6°t 051 TL4-72¥ND IIWIS 11Nd o
x
o 00°} 1°S8- SL°9- oL 8~ e1°6- §9°8- ‘e0e- 21 sil§ 304 111 3
uwn ee-l S vi- §59°9- o8 8- 55°'8- S9°6- *Q0R- 1T sL1€ w04 11 W.
o ee-l SE*6- 5L°9- 59°6- 99°8- 99°6- *9ee- o1 sil€ w04 11
un 90°1 95°6- 50° L~ 50°6~ §5°6- §L°8- ‘02~ 6 8LI€ 804 1II
un ee'l oL 6~ e L- 09°6- o'rl- §5° 8- ‘002~ 8 &Ll 804 111
un 8e°!} oL 6- 56°9- S1°6- oL 8- §L°8- ‘902~ L 8418 ¥O4 111
wn ool S6°6- SO L- 9'cl- 1°01- 08 8- *902- 9 8118 ¥0J4 II
yn 00’ 0°01- 01°L- S8°8- vt~ 98°8- *902- S sil€ ¥04 111
o 991 €°03- S1 L~ s2'8- §.°8- S 8- -002- v 8L18 ¥04 111
vl 08t 291~ e2 L~ 55°8- €11~ 58°8- ‘002- E 8118 804 111
wn o6l 2:01- 0€" L~ 50°6- 55°6- 56°8- ‘002~ 2 811€ 804 111
w o ee'l 901~ 9L°8- S 8- SE"6- e1°6- ‘o0~ T 8116 %04 11
w el €t SL°€ 99°€ §S°C [ [ M4 [ M 2t $11€ ¥04 M1
L 1 sLce s€°? 052 992 e w2 [ 203 11 8419 ¥04 MII
[ | 1) w2 08°1 022 §8°1 "2 Sr'e o2 001~ 01 8418 ¥O2 MI]
W oot 022 S€-2 e2'2 Q€2 02 st2 2 001~ 6 8.1IT ¥O4 MII
w oot 02 63 032 [ 3] 02 't §1°2 0°t- 8 $i18 804 MII
[ 1 $6°1 $6°¢ 96°t s6°1t [T 3¢ ] 023 "2 001~ L 8418 ¥O4 M1
w o0t %1 (L 384 S§°? $9°1 963 $0°2 0w e Wi~ 9 9118 ¥0J NIl
w00t $6°1 s0°2 022 $6°s 8t st 28 0°1- S 8416 804 HIZ
w00t 081 o©'s 90°2 3 868 "'t 909 01~ » 8.18 W04 M1l
w o0l 461 a8 $8°t 002 88t 08 e 0t € 8i18 w04 Il
w oot [N [ 3] L T4 ] 9°t [ TS ] %'t ' 00°s- 2 si1C w04 wil
w 0o 6°1 961 ne $0°2 [ M [ 3] [ 73 0 1- T 8il€ w04 M1l
w 00~ (42 155 €Lt~ g°¢Lt- a9t~ €Lt~ s 9§t~ c'o- [ 3% . LNININD AldeNS-331
W 0°st L°ct t°cs [N 1 (A ] cn gt (] 3 11 0L ANJEIND AledN$-331
siln ul-IM wi1-01
2 12 (] [} s [ 1{<4 (311} 144 LTS T orow

20189108 62 400 S8 ! 2 02C 82 1JNNUVEIND. TESS 13¢AL IINIA T 13GO) WINNLIVIINU
*0o6Z + ' ®aeq 10 °dAL 92Taad .“g°o TIAVL




‘(=) NSWQ ¥V Sv GRLIWGUIANT 3€ NUJ LI°LIWIT ON SNuBW NNNTOD S41M2Y NB .o.- OUIZ  119340N

37 u° 008 o't WOR 9~ W' 008~ 83 O0Ll6-4] LWHOA Ll18
91 4008 un.n? 11 ._:--ﬂ“ AHON 416
€01 4° 008 ‘0%~ o 0ilg- 4HON L1€
" :.“« wt'at- 6 S.lIC-MN) LWOA il€
€91 ¥° Ne'1t- $ 9.18-843 iHOA 118
€81 W'008  ui°St- L SL1G-NND LWOA iI€
€61 U008  Wre‘l- 9 SiI6-BM3 iNOA LlIG
€371 U'008  uB'1t- S OLIC-UNE LWOA LI
€91 W08  W'Clt- b SL10-NND LHOA 414
€51 U008  We‘Ce- € $.16-Wi3 ivON LIQ 3
€81 W'ees  n'cey 8 SiI€-W43 LNOA L1G
€51 K°008  W'tCR T ell18-y3 1NDM L1G
on X093 0 v'CE 209°1- CNO1-3 (14d) 1884~
AN X091 €°09-  8°36~ ¥9°1- CxOted (111D 18Sd-
an  -ees 2°Sh-  PUEE~ *008- Cx01-3 ($0MI) 25Sd+
on - -e0s T°§1-  2°18- ‘o8- CNOted (S0M) 2§6d+
WM S2°T  W'SS8 " Se°T WeSL ‘3NN 435440 ¥V10416
/idd 09°2 e 09 o00°2- 1318G-201
N %09°T “61t- ‘%21~ X00°T-  SOWI-'NYNY 3IWIS O¥I2Z
N ¥99°1 ‘PEI- S p8- X90°1- 1L1-°8HND 37WIS O¥IZ
ol 0s°2 66°1 60°2 05°1 SOWJ-°¥¥NY 37W3S 1IN
W 05°2 661 ger2 95°t 11-°38N3 31¥I5 1IN3 3
vn @9l 09°¢-  1-ol- -002- 21 114 804 1II '
on 90t 092~ 1°01- °002- 13 SLI4 804 1II ﬂ
o1 ee°t §L°e- L @1~ -e02- 01 8118 803 I
un e} §9°.-  9°01- -e@2- 6 s1Ig ¥03 111
un 09°'t §8°L- L°01- 0e2- 8 siIg 803 111
wn Qe't S6°L-  L'O1- 002- ¢ LI 303 111
TR §6°2-  8°01- "002- 9 $LI 804 11l
wn 00t 06 - 8:01- -002- S 8.l ¥04 111
wn et S6°2-  @'Il- -002- v 8118 ¥04 I
w 001 6L~ T°11- °902- € $lI8 ¥0d 1I
wn 00t SC°'g- e'11- ‘092- 2 8114 ¥03 11
wn 0ot 6 .- 1°51- -002- T sif4 ¥03 I
w00l SE°E s'e 00°1- 21 sL1€ ¥04 M1l
™ ‘00T etz s€'2 00°1- 11 S1I8 403 I 4
w 00! s€'2 ®€:a 00°1- 01 8116 ¥04 Ml ;
w00t 22 %'t 00°1- 6 $L18 804 M1
w0t 081 ez 08°l- $ $i18 504 Wl
N ‘00t 06} 48°1 001~ L 8118 804 W1
w00} $1°2 032 00°t- 9 8116 ¥04 M1
w et st 8T 00°1- $ 83416 904 ML
w00t 981 26t  00°1- v SL1€ 404 M}
w oot i€y s8°t  00°'1- € SiIQ ¥04 M1
o - *008 ot's %t 00°1- 2 8i16 3034 W1
w 903 %t %'t 00°1- t 3118 404 M1
Ve 09°8-  Toit- §°Ll- 0°98- INJBUND A1deNS-331
w oSt c°cs 9°Ct  00°C INDNIND A1ddNS-IIT ;
SLINN WIT-IH ¥11-01
s L ¥3L3uvave
PRS0 B 100 98 1 I 03C ST 1JWNivNIenI. 809 1AL 20INn3Q ! 1300 NIUNLIVINNUN
3 ‘0,67 + 38 eled 10 2dAl 9do1ABQ "£°9 HIAVI r
.1




Wy 82- WI“lb-  WP°61-  WI'2e-  WE9'S- WK°S2- UWILE- WI'6I- N°9ER W2 21- W ees-

€57 W' 006 1 SL1€-¥N3 ANNU) dCM
451 u-ees e te WL22-  WI'El- Wr6°2 WS* 1€ HE°63 HE BT We°se Wi te W9°8E W - Ol SLIS-d43 ANNY) ¥CW
451 4" 086 Wit 9-  W6°Ll Wi-el WP 9-  WO°ST- W6 T~ WIL°8 wg-e2 ug“rt MEB'9 W 006- 6 $118-u¥3 ANNYD MW
157 W 006 Ho €2 n°'9ty- W98°S W9°8€ Wr°e2- WS2°9- WS99 WLl b= WB'PT H9°12 W 006~ 8 S$118-3y3 AdNNYD ¥fM
451 W ees WL PE W6°61 W9s°s Wa'ry Wive2- W2'i1s WS 2y w9-ce Wi i HS°9E W 006- 4 SL18-3¥3 ANNYI AW
951 W 006 MI°61- W8°€} Wos's WS°SS WS 19-  WS°E2 We'lie-  WEQ'2- WHIE-  WLI2 W 006- 9 SLI§-d¥3 ANV W
457 W° 006 et Weg9 1l Wh° 95 W'aort W8Sy Wh oL g2y weeet W3 9-  Wi'9L W 00s- S $11§-3¥3 AyNvD dCM
457 ¥ 006 13814 WoEll [ 1608 n-sig- w-iet W92°9- W2'es- uWL°68 H9°v8 W12 W°006- b SLI4-H¥3 AuNY) ¥IW
451 W 006 W°SEL w'8st wg'ss Wotot W 052 W8°IE- W T01- we2-2 Wy 8y WP bS- W 006~ € 8.16-843 ANNYO ¥OM
851 W 008 W09 Weise W° 153 Wi 9 W* 1S3 W92l n°se6- w's2l WLy H5°S6 W 906- 2 S118-3¥3 ANNYD ¥CH
€57 u' 006 W29t-  W-9S» W 68€ WG 0E- WV'ET- WHO'P9 WETT- wWE°8T Wr°se WE9 E-~ W' 008~ T SLIS-3¥3 ANNYD HrW
on - cees €°9€ 9°6¢ e 000 9°0€ 00'e 8°6¢c reol- 000 8°L8 °008- C%01-] (141) 1SSd+
A cees 2°56- ‘vol- ‘ert- 8°89- 9°8L- 2°1e- 8°0c- $ 8L~ L6~ ‘59t- °008- Cx0t+] (UL «mm‘m “
7idd 00°F [ M [ [ M ] [ M [ M [ M ] e [ J [ M J 0o 08~ 11180 3048 T-..
NN e o8°€E- 02°€- wr2aL- 85°v- LS5°€- [ X A8 2 91y~ W'lEL- e~ o-2- o0°e2- YOU¥3 135440 Ccuouuu =
sddd 00°S 0e 0o [ M ] "¢ 00 [ M ] (M ] e { M ] 00°0 00°S- (1i1) LJI1¥G MONNI NIVO
N o°s2 " E 134 [ L4 ri's 18°9 %€ 1~ o€ ¢- a0°1- 0s° 1~ 8L°r- 0°S2- (SOW)) WONNI NIVD
N 52 €9°s [ 2 4 [ M J SE‘S €8°9 11~ ’2°C- W'198- 811~ wy- 0°S2- €44) WOWNI NIVO
431 w'oet W °SE [ A Wre9t- Wi°El- W9'Lt Hg°21- ME°lt W3 OE~ SR | WB°BE- M 001~ (=) 30MUI+( +I WONYI-WNS
481 4 008 MR- WeSI3- W@~ Wlll- Wi pSt-  WSE6-  WURRT-  WBOT- WS- WS BL- W'00S- (= 80M¥3 LIQ wWNS
Oﬂﬂd‘-‘b-’.—ﬁ-t U0 4] u'eee W a8t W'ret W't e 08 W'SET . WIS ety WL°GC U 00S- (*)¥0uN] L1€ WNS
2 1] o2 ot ] £ 1144 ity (4174 t1{< (114
Wi1-01
YL JVavd

SP10S10T 6L .20 82 1 O DIC 9B 1 INLWNIGMIL 798 13¢AL DIINIG T 12000 WINNLOVINWM

*D,6Z + 3 eled (0 2dAL 9dtTASd ‘€°9 TTIEVL




257 W' 088 WE°B2- WY 6E- W 006-
€51 W ees W8 21~ . We2'9- W 006-
457 W' 906 We°se- -Wr'El W 006-
451 W ees WEL L We2°9- W ees-
451 W’ 908 Wwi-e2 W2°61 W 00s-
457 W'ees W6 °0S WI°E2 "W 006~
8571 W 008 L 14 W5°25 W 005~
451 W 008 Wy SE- W°EET- W'008-
151 W ees wi-se W'21l- W 006~
451 W 008 W ar2 W9 98- W o0s-
€51 W- o0 u'ror HOTIl W e0s-
o 008 §°§1- 8°ce- °o08-
o ‘eed Foo2- 0°Er- ‘008-
d74dd 00°F 00°e 00 00
N e e°e- t1°2- o002~
Jzkidd 90°S %o 0°0 00°S-

N 0°se L34 AN
N o' 0°s £s°C 0°93-
687 W00t  WO°29- ML 8L- W 00I-
NO0S  W'ENB- N'EBl- W 003~
687 W00 008 WOISE W 00s-
S4INN WI-IM
4 ®

u1l-01

63189:01 6L 120 SP § 3 DN S¥ 1JWNLVNINDL RS 13dAL DIINNC

S114-343

X )

UM TWNON00 v
»
-
-
-
g
w

$116-343
$116-3y3
S.1€-d4Y¥3
$116-0¥3

ANNYY ¥fW
ANNY) NN
AdYY) dfW
ANNY) ¥IW
ANNYO HIM

. ANNY) ¥rW

ANNYD UCW
ANNYD ¥FM
ABNYD ¥iM
ANNYDY ¥lW
ANNYY ¥MM

€x01-) (1L4) 1SSde
%01+ (1l) 15Sd¢

14194 3048
YOUNI 138440 WI0JIE
(344) 12300 VONNI NIVD

(S0WJ) NOWN3 NIVD
(134) WONND NIVO

(- )N0NEI( +) WOUND-UNS
(=)N0043 418 NS
(+)N0¥N] L1C WNS

¥343uvavd

1 13000 WBUNLIV NNl

v.oonu + 3® e3eQ 10 2dAL @03a9Q °‘g°9 ATEVI

VI- 43

]
i




*(-) HSWO v SV Q3LINeNIINT 3@ NI AD°LI1WlY ON SNUIUW NWNT03 SLTWLT NI (@) ONIZ T1SILON

€ST u'00S w32 wee's WS’ 81t ws' 62 wi'et Wyt we'ct ust* ne°gt- 21 8.1€-¥y3 LHON LIE
€81 W'088  W2'ST-  wW2'Th-  Wi0'l-  wWB'Ll-  wIT'E- W9'63- wgs - It s4l8-¥u3 40N L1
437 U009  WS'3 MNeUIR-  WES'1-  wee't wk 'St uss c- " 1H490 114
€97 N'008 uWBL'8- Wi "l a2 uee't us' L2 et~ [ AHON 118
€87 H'008  WSP'3-  WpS'P-  WOS'S w2 sg Wws's we ‘' 93- s 1HON 118
€51 W'08S  ue2'6-  Nn'393 He'Lt YR T YT oL’y e 39~ L 1HOM 116
€57 H'00S  WE'98-  Wh'09-  WE'P2-  WL'SE-  W9°'62-  NL'PB- we' 38 9 SiIf-¥u3 4wON LIQ
081 U009 © We'22- WC'068- WI‘le-  WB°6E- WrlS-  WO'PR- Wi~ s
€57 N'80S  ui‘Cy ws' 88 TN ] we° 1L us'¢9 uee'L e oy *
€87 H'08s  u'2it wE'ht W.S'L Wwe'E9 we'S@ wa'9e- uss ‘6 €
457 W08 w'2e ui't9 n-gge w'seLt u'EN? w8t N1 2 $.16-3¥3 LHOM LI
€571 W'e0S W Set- w9l n'gLt WETE-  W'BEl- Wy 81 We'si- use's WE'02 W' 00S- T sL18-883 LMON LIS 1
AN 209° 8 N L'6E 9-52 2°€L $'Ev L1's- §°S8 81°§- t N A »°ST X09°%1- €%01-1 (L) 155d-
N 209t € a- 16°6- 6°5€~ “to1- €' 16- §°§3- 1°9¢- "N t 'ty 090 N9°1- Cx01+) (1il) 1§Sd-
NN -008 € a- 96°b- €°15- 2 1e- 2°59- 8'95- § 2L €°9¢~ 9°02- 'St ‘008- C%01-) (S0W)) 25Sd+
o 008 L 00~ 96°» S92~ 9°89- v'oE- L°02 §°S1- 81°s 9-92- p1S- 008~ CX01+] (SONI) 255d+
w s2't et 10t ' 986 601 St1°1 W eLs w'eLe W-oLs 'S8 W SLE M 'OSL *YdND 13§340 ucgounu
/ddd 09°2 W o2 W6t WEL2 W82y W°S8€E W€t u°90¢ "M.1 ¢ W'8EY W OLE Qe°2- 14184-201
wN X001 o2 S 8r- 9°69- e-8r- 5'0€- §'0E- §-22- S°8€E- 5°0p- X00°1- SOMD- " ¥aND 31095 0832
N M0 1 °8s @°65- S ey~ 9°S1- 09t 00°9- $°¢2 05 L~ S'ET N00:T- Li- 330D I1WIS 0432
we 052 122 202 »6'1 812 g2 2 €6°t *6°1 €6°1 »6°1  0S°1 SOWI--daN) 319Is 1IN4
w9572 022 1e°2 56°1 81°2 62°2 €6°1 »6°1 £6°1 ¥6°1  05°t ILLl-"3¥ND 319IS 1IN3 o
yn 00t @St~ SE°6- 02°L- 01°6- 52°6- LI s27L- S0°¢- 05°9- °@02- 2t sL1d w04 111 Lﬂ
un eet 9°»1- oc"6- 50°L- 036~ 58°'8- 92°2L- 02°e- 50°L- 95°9- -ee2- 11 $1149 ¥04 111 -
yo ee°ty 1°91- €' 6- S1-e- 02°6- 56°8~ 50° 2~ s2°¢L- 02°¢L- oL°"9- ‘ee2- el  eild 804 1Y >
wn 681 2-e1- 02°6- SE'L- S2°6- 05°6- ° S0°¢L- §2°¢- S$O° L~ 05°9- ‘0e2- 6 &.l18 ¥04 111
un 99t 501 Sp°6- Syl 59°6- 6'11- o€ 2~ 0272~ St L~ §9°9- 8 $114 ¥04 111
un 091 Y or- or°6- o€ L- 0€"6- 00°6- §°¢L- 2L~ SteL- $8°9- 4 8114 804 111
wn 001 L°91- $5°6- oy L~ 821~ §8°6- s2°¢- s2°¢- §2°¢L- 58°9- 9 s11d ¥04 1II
wn oee°l 291~ 05°6- SrL- 56°8- 9-01- §2°L- SE°L- 01 .- 58°9- S 8114 ¥04 111
wn o0°} ot~ §9°6- §§°2L- 05°8- 09°'6- 02°L- or-L- o€ L~ 58°9- ¥ 8118 804 111
¥l et oI~ oL 6- 55°L~ SL°8- 9°91- $0°L- Spei- 02 L- 06°9- € 8418 %04 11
vl 00l 3815 06°6- oL L- S$t1°6- §5°6~ 02 L- S1-8- SE*L- S0 ¢~ 2 8114 ¥04 111
v 001 € 1t- L0t~ 58°8- oL 8- o 6- §0°L- §§°L- s2°¢L- §6°9- T 8412 8404 111
w00l o8 S°»i (A% 0°82 L'€Y 90t €1t §°1 3] 20 118 804 MII
w 00l 82 S°1t vt 9° 0t »°81 1°0t 50t S6°6 ] s 0t I1 s1IQ w04 MII
w oot 2°02 1°2t L'eY 5§92 8Lt 2°€t W] s8°6 ] 82t o SiI€ ¥04 MII
w o0l €€ s'tt -2 g 2c » 6t $6°6 T Sr'8 ] it 8 811€ 404 HII
w 001 92 21t 8°1t N v-2t §6°6 §1°6 $.'8 06 2°an 8 8116 804 M1l
w oot $°92 5°01 vt L2 r'8t 9°8 a6 s6°6 9°6 21t L SL18 w04 MII
w et 38 1 L€t 2-¢L2 §°'2% $6°6 '] ] s8°8 9°0t 1°2t 9 8.11€ 404 M1l
w et »92 s ot €°st €'v2 $°C2 13°6 o168 '8 t°e: T8 $ 8.16 ¥O4 WII
w et F o1t 62 802 Lot 96°6 s1°6 s $%'s L9 » S11€ ¥04 M1l
w et 652 s 01 cct €°'s2 LLy 996 "6 s 0 98 $°1t £ 8.i18 w04 M1l
w00t c'sR c 1t vat cr2 (3] 1°0t $9°6 N 5311 T at 2 8.1t 804 M1l
w et L2 20 9°€t N ] (N1 L0 w's st's ] 80t T eiI€ 804 MIZ
2R LS LA 1 1 R 8 M 4 R ¥ 4 L 44 N3 Algens-3a1
. . . 3 [] L] . ﬂ . -
$ilwn wir-gn bl
] 11} ] st ] 1cr (3{{J ctey {14 otcy 831 3uvnve

€0:90:1t 6L 430 83 ' O 03Q ST 1INLVEIeNDL (308 134AL IINDA T 11Q0C ABMOLITINNWY
‘0,621 + 3I' BlEd 10 2dAL 8d1AdQ ‘49 TIAVL




*U=) HSWQ ¥ Sv Q3LIuUILNT 3€ N¥D LI'LIWIT ON SNWIW NWNIOD SLIMIT NI (02 ON3Z: Tt83L0N

(1 2] 3] 414
31 1t 414
1 ()] 410
(1)) [ 416
€31 ] 4
(12 ¢ 4
(] 9 4
"1 ] 4
91 4 4
L 12] € 4
191 2 414
(1) 1 SLIG-¥43 LHOM L1
nn Cx01-] (L) 1554~
nn Cx0T1+} (iL) 15Sd-
nn Cx01-1 (S0W)) 29Sde¢
nn CxOT+] (SOWI) 25Sde¢
L) ‘¥YNY 135440 ¥v10d18
J7udd 14148Q-201
UN SOW)- - ¥3NI 3T¥IS ON3IZ
UN Tii-°83N0 I79IS 0¥IZ
i SOWI-"¥¥NY 3ITWIS 1INJ
L) T4i-"¥¥NY 37WIS 1IN4
wn "It~ cee2- 21 s114 804 111
wn ‘11- ‘ee2- 11 8118 ¥04 1II
un 11-  cee2- ol 8114 ¥04 111
un “1t-  ‘9ec- 6 8418 ¥04 11
vn ‘11~ ‘ee2- 8 ¢.18 404 111
wn *11~-  eee- ¢ 8418 404 111
wn *f1- ceeg- 9 8.18 ¥04 NI
wn *131-  "0e2- S 8118 304 111
on “11-  ceel- v 8$i1€ 804 1II
wn “i131- -ee2- € 81168 ¥04 111
v ‘1t~ cee2- 2 $i11e 804 111
wn t21-  ‘oe2- 1 8116 ¥0J 1
UN ‘92 21 8414 ¥04 MII
YN ‘2R 11 814 ¥04 MII
UN ‘ee ol 8414 04 MII
N ‘82 6 8i14 %04 WI1
WN ‘92 8 8118 804 NIl
W ‘v L S11€ 404 NI
WN ‘g8 9 $.116€ ¥04 M1l
UN v S $.1¢ ¥04 MII
UN v 8418 w04 WII
i € Si1€ 804 HWI]
WN 2 8118 ¥04 w11
UN I 8.1€ ¥04 WII
i LNJUWNND Al¢eNS-331
w | M 14 ANJNUNY ANddNS =L
SLINN WIT-IM

i sc ¥3LINavd
€E19e::T 6L L0 SB ! D 930 BT : JN.vyldudi (398 13das IDINIC ! 13G0D WRNLIWINNWW
*0,621 3® ®Ieq@ 10 °2dAl odIAad %9 FIAVI

VI-45




.. T i ¢ .
]
[]
:
H
:
’
.
’

R €51 W06  WB'2r-  WO'lb-  WO'S2-  WE'LP-  W2'lL2- W2 Ob- WB'02- W22°2  We°6T- We°S2- W°008- 1T SLIG-NNI ANNYD ¥IM
, €51 W 006  HES'6 WL°92- W60~ WI2'b- Wp°'b2  WE°9% WB°62 MBS'B  WI'E2  WO'PE W°006- O SLIG-3NI ANNYO ¥
. 457 W' 006 eee- W6°S1 [V3 84" ] (Y] a8 & W98 °S- Wit 2~ Wr-12 Wwe'ot NS 01 Wo09°9 W 006- 6 SLIG-NNI ANNVI W
. €51 4 006  MWES'E WYE 2~ WEb'2- W92k WS'LS- WI'0T- WP b WE °8E WOE'9  WE'2T W'006- 8 SiId-343 AuNvD NrW
: 951 W' 006  KS'ES WLE'P-  WEF'2- WB'S2 He°09  MB'0S  WL.2  NI‘8E  WB'9l H9°S2 W'006- L SLIG-NN3I ANNYD dCW

€51 W 006  W6°l2- MPE'2- M2°LI-  We'23S WI°PI-  WP'S2  WS°2S- MSI'b-  Wp°22- WEE2 W'006- 9 SLIS-NN3 ANNWO NPM
) €51 W'e86  WI°96 ua*vE wE°SE H6°96 WO'Sk- WO'2L  NWI'E9 W'l W2°E2- WO'SS W06~ 5 SLIE-3NI ANNYD Nl

251 W 008 WLl Wels2 [*h 81 weiLt "3 4] W9ttt u'gse ["%:}1 weaLe H'LO2 N 006- b SLIG-NU3 Aunvu) ¥l

€51 W06  H'681 w112 WEST W29t WE €€ wE'2r  W'S6t W0t} WoLt HE'OF W°006- € SLIG-UYI ANEUD ¥CW

€51 W'086  MWI'EB  W°S61 W'8ET wis2 W'ESS "33 W 881 ]R3 W'BS2  WLST W 006- 2 SLIE-3¥I ANNVY NIW
. €51 W'006  N'SEI- W02  W'OIE W'SS2- W'LEE- NG8'2S  N°get web'y W' EOt MLTPL W08~ T SLIG-N¥3 ANNVO drW
’
. o ees 1°81- o0 ¥'st L5°Y () €1 ‘€Ot §°51-  8°0€ 00 "008- CN01-3 (14l) 155d¢ ©
v AN -ees 2°9€- *pai- ‘g€l- L5°p- veLl- Lot~ *§9%1- ‘sit-  s-26- 9%~ ‘008- CXOT+3 (L) .mmmm =
. [ ]
' /idd 89°F  W'BSK- WB'ST W 1se N°BEP-  WSPL-  MLT2  WNLSE  NB'2S  N'E%E W86t~ 00 Y- 43130 3048 W.
¢ N e-e2 8 y- LEE- 00 9°S- 90°5- 00°E-  2p°E-  N'S29- L9°2- 01°E- @'02- WOUU3 135490 ..So&u

sNdd 00°S e~ 21°t-  w'9rs- €s-c- - 3y N'BES  N'COL- ”t 26°%  00°S- (L) L4180 WOWYI NIVD

N esR 291 so°c »8°€ 8s°» s1°'y  W-ast- 26°3- W'v8- uB'ES 16°8- 0°'S¥- (S0MI) WOWNI NIVD

N 082 o6t 20°C €y NS 6C'S  WE'%C- tL°3- Wrss- WE 25°2- 0°32- CI4l) YOUN3 NIVD
! 057 MO0  WEB'P-  NOE°2-  W9°L2  WI'22-  ME'TE  NB'LE-  WHO'OP-  NGOL- ME°BI-  WE'BY- W'00I-  (-)NONWI+(+)HONNI-WNS
. €51 U008  W'OCT- W'OOR- WL'68- WL~ W'SL@- WrOT-  W'60R- WLET- W S8L-  W'eLl- W '008- (-J40W43 LI WNS
. -.“.r.....nun:. Rt w'868 "}t | W'Bv2 963  ur'99  U'eet "R et oS8T W 008- (+)u0NN3 414 unS

4 - .
. ] 11 (] et ] sty (3{1] cter otee oty

1-01

. VI vvd
. £9:190133 B2 130 93 ' D 030 0T sJuN.VNI«uDL (398 13¢AL DOINNE ¢ 13000 WINNLIVIMWY
[]
‘ *0,621 + 3¢ ejed 10 9dAL adT1Asd. ‘#°'9 TI9VL
$




R TR e A

o/4dd
]
/7Mdd

N
N

81
(1))
11

41NN MI-IN

03
(3
w'oot
" oo
U+

L0101t 8L 430 88 T 3 934 9T 1 JNNLVNIANL

*0,.6¢1 + 3®

WI°SE- W°006-
W26°€- W 906~
W6L'L W 006~
W28 L~ W 006~
WEL L W°006-
WE'L2 W 006-
HpL 6 W 006-
Wy E2- W' 906~
W8 By~ W°008-
WO IET- W 908~
WD W 008~

£5°6- ‘008~
6°19- ‘008-

N'Sii- 90°P-
»5°C- 0°02-
ar°c- 00°S-

ur'es  0°93-
Nevie  0°93-
He 0t~ W 001~
W'sit- H'008-
Heott Woo0e-

o€
W11-01

1298 13dAL BOINDC

$114-343 ANIY) dfN
SLIG-AYI ANNUD arW
$L1§-343 ANNYD ¥IW
$114-3y3 A¥Nv) Ard
$L18-443 ANNYY dMW
SL1G-MHT ANNYY dCW
$114-343 Addv) ¥CW
$116-443 ANNYY NIV
$114-443 ANdY) ¥fW
S112-343 A¥NYY dlM
$118-543 ANYYD ¥rM

Cxe1-3 (1iL) 155d¢
CX01+3 (14L) 1SSde

14130 3048
yONN3 L3S440 ¥vI0d1E
(11) 14180 WOMYI NIVD

(SOMD) NOMNI NIVO
(141) NONWD NIWD

(=)30NUD*( #)NONNI-UNS
(- N0NN3 L16 WS
20130042 116 WS

[-22)

M TIDD- OO v

431w
t 13000 WIWNLIVINW

eled 10 94l °o1ARQ "¥'9 ITEVI

VI-47




‘(=) HEvWa v SV QILIWGNILNT 3@ NUD L1°LINIT ON SNWBW NWN10J SLINIT NI (0) QN3Z' Tt18ILON

€31 H'00S  wO' Rt We's we'ee we't USRI~  WE'Ol- UB'S2- wWE'BY- WP'83 L0898~ BT 9.1d-N¥) LMOA L]
wei't-  Wi‘gl- Wi'BY1-  Wp'el- W9 OP- t Wees- 11 0418-Nu3 LWON LIS
Wes'y WER -  We9°e-  ut'at- 01 OL1E-¥N3 LWON LG
WeL'9- W6 oR- WO'LE-  MIL'S-  We'Al- Wbl 6 SlIC-N¥3 LHOA LI
We'Sl- WS 0C- e - Wr'8g 8 8.18-4y3 iWON LIS
WUt~ W9 9€- Wpett ¢ SL1E-NNI LHON (18
WS 09-  WIC'L- e o 9 SLI8-NN3 1WOA LIS
Wy 9C-  Wi'9e Wt oc- S SLIS-NN3 L1MOA LI
Wikl W lgs- WL'st ¥ $i18-uN3 LWON LIQ
WL'lL~ N80t TR E SLlC-N¥3 iwOM LIE
wite2- u°tae- Wee'e 2 8.1€-uy3d 1HON 116
57 W' 009  W9Ll- "RX13 ] W22 we'ce 1 si1€-¥¥3 4iWOA LI
AN 299°t 9°€l- - 3.9 (N ] 1L Cx01-3 (144 15Sd-
on »09°% "0°e ‘ptt- 618~ ri°s- Cx0te) (1il) $5Sd-
O ] 6°'8S €-aL- - 9r 9°02- CX0T-) (S0MI) 255d+
o 008 *e21- 0°29- . S5°Ce- 2-28- £X01+) (SOMD) 25Sd+
w §2°t 158 W°SL6 6o 1 W'sLs ‘¥EN) 135440 cc._o&u 1
/Ndd 90°2 WSS W'922- u8'v6- W-ste- Liluqa-Zet
W 200°t or1- ‘611~ ‘@51~ 5°58- SOWO-*¥ANI 31V¥IS 0N3I2
CTT 009 A *p21- §°L5- 1LL-°88ND 31805 ON32
o e5°2 e2'2 »6°1 Lt 26°1 v6°1 SOWD- " N3N 39S 1IN4
wM 95°2 122 »6'1 L2 26t €6°T ALl-" 380 3OS 1IN4 %
un @e't NI 5L°§- 1 $9°8- $9°8- 21 si14 %04 UL '
wn ee't 8°El- 05°5- 02 L- 08" 8- S8°6- 11 $11€ 804 U1 W
un 00°% oL L~ 0L°S- 09°L- 59°8- 58°6- o1 $i18 ¥0J4 I
yn e} 6° - 50°9- 09°¢L- 59°8- oL 8- 6 si14 ¥04 11
un 0ot 01°8- 02 9- oy 8- 06°8- 55°8- 8 s.18 804 11!
un oot 50°8- 06°S- oL L- SL°8- §.°8-. ¢ $118 404 111
un 001 52°8- 56°S- £°€El- $6°8- SL°8- 9 $LI€ ¥04 I
vn 00t o€ " 8- 56°S- 05°L- 06°8- §L°8- S $1I€ ¥04 111
un 08t 55°8- $9°9- $8°9- 08’ 8- 0.8~ ¥ 3114 ¥4 11
un 6ot 05°8- 00°9- -~ $9°9- 58°8- € 8118 w04 111
wl o8t SP 8- 92°9- 00 8- 6 8- 00°8- 2 sil8 804 12
v eet o8- 8 L- 06°9- §9°8- S§1°6- T si1€ w04 11
W "eel €€t s2*y o 008 68 21 8118 w03 WII
w et 58" 59°2 Sy’ Sy'y SE°C o2 60e°t- 11 $i1€ ¥0J MIL
w 0ot o2 e2'2 s€* 01’s 8.2 ss'2 00°1- ot $iI8 w04 MII
W 09t §t°2 w2 56° $6°3 o2 ot-a 00°3- 8 8118 ¥O4 MII
N 00t €2 $6°% TN 2 "2 892 00t~ 8 8i18 ¥04 WII
W ‘08t o 9 ¢t ‘208 Lo 85°¢ ”2 g2'2 00°t- L 8.1€ 804 MII
w et s2'2 2 & ‘208 o’ {3 € o2 et 00°t- 9 0116 ¥O4 MII
w el $8°'1 1 83 58° 82 @'y 8t 09°1- S $i16 ¥Os MII
w oot 8t 1 SL't ” %' 33 a8t 001~ v Si1€ w03 MIL
w et oLt 3 S6°t " 8L c'st €'t 09't- € SiI4 804 WIL
w 0t 00t ] TR S8 #°ve 9°0t s1'g O9°1- 3 o118 w04 NIl
w001 08t 3 002 () s ‘293 %®w'e 08 00°1- T 8118 w04 WIT
W 00'S- (°61- »'8t- L8t~ 'L ”91- oLt~ pegt- 0°90- ANJUNIND AlddnS-331
ww o'st 90t vt et €¢ Fe 11 . 00°C ANBNIND Al¢dNS-I2}
41NN W13-1M ML L LY £ -9
S8 11 ] o2 (1] F1{3% ner L 1{ {4 31 WVave

LOICTITY 6L 400 88 ' O DG 89~ 1IWNULVEINIDL  (E98 13¢AL JIINDT T $300D WIUNLIVINNGY
*0,66 - e eied 10 °dAL @d1A3Qd °G°9 TTIAVI




‘t=) HOUQ ¥ SV QILINGUILNE J€ NWJ LI°LIWIT ON SNWIK NWNT0D SLINIT NI (@) OWIZ*T183L0N

8% 6L1G-NUY LHOA LG
1T 8i18-N¥3 AMON LIS ;
[} 418 :
o (] 418 .
] 418 :
' & 118 i
. 9 18 "
] 414 ;
’ a18 H
[ 4 418 - ;
2 410 i
W'Btt- W' 008~ T SL1€-3N3 LHOA LIE “
1
2°18 J09°'t- Cx01-3 (L4) 158d- i
'S0t~ N9 I~ Cx0te) (14L) 1584~

Cx0t1-] (SOW)) 25Sde
Cx0t+3 (S0WD) 25Sd+

u'S66 S0°1 U'eSt *UNNY 135440 V10418
J7Mdd 09°2  W6"12- W 9Ll- ee°2- 141%0-201
UN 200°1 *151- *2E1- ¥PO°I-  SONI-N¥ND 31u2S O0N32
YN X00°T *8ET- ‘p21- 200°1- ALL-"4dNI 31905 0N32
W 05°2 66°1 ge'2 es°1 SOWd-"¥dNY 3WIS 1IN
YW 95°2 661 602 0S't ALL-TANND 3T9IS 1IN mw
un 90"} 59°9- §1°8- o02- 21 8416 ¥04 111 &
on 0e't §9°9- e1'8- -o02- It il ¥04 111 2
wn 0e°t 58°9- §.'8- -002- o1 $i1€ ¥04 111
un ee-1 0L 9- §9°8- ‘002- 6 $i14 204 111
wn ee'} 96°9- 0L'8- "002- 8 $iI4 ¥04 1!
wn 00°1 06°9- oL°8~- 002- . sL18 ¥03 I
wn 0e°t §6°9- SL'8- -ee2- 9 $11§ 3404 111
wn 00"t 58°9~ s8°g- ‘002- S si11§ ¥04 111
wn 98'1 56°'9- v #1I§ ¥03 111
un 090°t 58°9- € $i18 03 111
wn ee't 022~ 2 8118 ¥04 111
un 9e°t SL°9- 1 SLI4 ¥04 111
w 0ot 99°9 21 $LI1Q ¥03 HIT
W00t 82 11 8.1 603 HII
] N 00T Sp2 o1 8114 %04 MII
w001 ew-a 6 $.iI§ ¥OJ Wl
w oot -2 8 SiI4 803 M1l
w00t L'1e s L 8118 ¥03 Wil
w et s1°8 9 8118 w04 M1
w oot TR S S.L18 04 M1l
w et ot v 6LI8 w04 W1l
W 091 s6°t € 8416 w03 WII
w 0ot o't @ $.18 w04 MII
w et ot T 8418 ¥O4 MII
W 90°3- 98- AINJWUND AledNS-331
w 0et s'ct ANJNUND Aldans-I31
SLINA WIY-IM o

434 IWvavy

OCIOTIZT 6L 409 SE ! D 030 S8- (JNNLUUIGNIL  T208 134al 20103 4 13000 WRNLIWANW
*D,66 - 2' BIEQ 10 °2dA] #01ASQ °C°'9 FIGVL




13

957 W 606
451 W 006
ST W' 006
451 w°'eeé
451 W 906
857 W 006
€57 W 906
451 W 008
257 M- 006
451 W°'006
€57 W 008
nn 088
nt “ees
7Ndd
N
7hidd

4871 u' 008
silnn Wi-In

We-ie-
W6 91-
W8-671
Wo - et
NLI b
WLCED
WLoEL
w1°ss
W-gge
w°e2e
W 99L

n-Ery Nt
Weett W91
We - 8E ug ot-
Wy 2€ W°s92-
Ni°89 W8 o€
W 2ET W EBY
W'v2r-  W'69S
W°6r2 L2ty
W°981- x W°9ER
W°69¥ ve'st
(3814 8E°'»
‘EET- €°19-
000 W'rSe
85y~ 9€ 2~
12'9 95°8-
€'l w'ent
{3 3] WiEl-
neLs NP lv-
WOOP- & W'LB6-
U'sey s W'ece
[ 3] ]
9319138

t 1114

wWg-ot
wo'ee
W69
ureE*2
wes°'9
Wi oy-
W29l
W'ase-
wWovie-
W°661-
W*98e-

8°15-
‘SEV-

W' 865~
11°s-
1€°¢

ty-e-
22~
w2’ 98-
W'ete-
wu'est

(4144

L1 5
W EIT-
L 14

(3744

W9 ki-
W6 " 91
W9 ot
We- 61
Ws*at-
W ol-
ug-Le-
Wiy

2144

8L 130 a8 ¢ 2 934 39- 1JWNLVNIGWIL

*0,66 - 7' eied 10 2dLJ ao1Aa(Q

wg gt~ 11 SL18-343 ANNUD dfM
W5°Lt 81  $11g-u43 ANNYD NCW
n*61s 6 $118-283 AdNY) dru
W2 OE 8 $.14-243 ANNUI HlW
WS ¥E ¢ Si19-383 ANNY) dCW
ML 9 SLI€-d43 AdNY) ¥fW
W9 0L S $119-333 AdNY) MM
W22t~ F o SLIG-M¥3 ANNYD drW
W9S ¥~ E $116-383 ANaYD M¥IM
W’ r8t 2 811G-d¥3 AdNY) ¥FW
Wi°96 1 SL14-dM2 AdNY) O
$°ST- Cx01-) (144) ¥SSd+
6°28- £%01+3 (L) ummgw
u°8rg 14130 304¢
S€E°1- YON¥I 135440 ccqoa~“
(" . { (TL4) L4180 NONNI NIV
12°5- (SOMD) ¥ONNI NIVD
[ [ A (L1) ¥ONNI NIVD
WZ 0~ (=) NONUI+( ¢) yONYI-UNS
W'snt- (-)youN3 116 WNS
NSt (+)308M3 L1Q WNS
[ 2{<4
ul1-01
RV FE2 N

1209 134AL 200030 { 13002 ¥INNLOV 1N
‘69 HI4VL

VIi-50




4S7 W-ees We'6i-

nM 008 20°'S~
nn o008 *3€3-

%dd WP | 1. 14
e 2ca-
udd 00°S  20°2
2 8
€51 w007  wE'sE-

SLINN WIN-IN

0Lt 6 400 82 ¢ ) 030 $8- 1ANNLVNIGNIL

‘0,66~ ' ®BIeQ 10 9dAL 9adTAB(

W9°1S- W' 0e6-
WS6°8 W 006-
W69°9~ W°006-
.02 W e06-
W6°1S W°ee6-
He°'sry W°ee6-
H2°E8 N 006-
W26~ W 006-
W2'92~ W'006-

WO'9p K086~
W°8L2- N 008-
€'¢S  '008-
‘e01-. ‘008-
u's62  00°»-
€9°1- 0°02-
11°9  ee's-
6i1's  0°se-
s ese-
n°LL8- ' 001-
R RIS
N'SER N'00S-

€
u11-01

1398 13444 331021

$i14-843
$114-843
sL18-¥¥3
$119-843
$.14-343
SLI8-443
s119-343
$118-893
$119-8¥3
8i1¢-d43
$119-443

[ X

ST ON OO =

AYNY)
ANUY)
ANNYI
AdYYI
ANYY)

ANV .

AdNY)
AdAYI)
ANIVY
AY¥Y)
AYYYO

CX0L-] (1LY 15Sd¢
Cx01+ (1LL) §SSde

14180 3046
¥OU¥3 135440 WI0418
(L) L4180 WOUNI NIVD

(SOWD) WOMNI NIVD
(144) ¥ONNI NIVD

¢ =) NONYI*( ¢ ) NOWNI-HNS
(-300M43 118 NS
(+)N0MNI LIQ uNS

AL vNYd
! 12007 MINCLIVsiHgL

‘69 HIAVL

VI- 51




P Y - -

(0,67 +) Ae1dsig xo0aad ySteM 318 -g°9 2an81g

4STOPS 9  +SUCWUI LIE ISYI LSUON-WNS

GOTTTOTTITING O €SN LSR- =(~) HONYI LIE ISYD LSHON

10001100008 & ESTNL°CIR  =(+) UONNI LIE 3ISUD LSHON
4S3% Q3GNILXI

51 $ Ll4

€57WT0° 39~ «SU0NNT LIE ISVD LSNON-UNS

GOTEITIITITO & US98~ «(~) WOHNI LIC 3I¥WD Lsuon

TT0000000001 0 €S10°008 <(+) HONAI LIC 38¥WI LSHOM
41831 QALVININESY

asu

et 1T etv 6 8 L 9

S 1 4 € @2 4
. : ; We‘ese-

. ...... . o EOQmNﬁ'

(451)
- 40¥¥3
wr LH9I3N
“ a Ll14

Wo‘set

aNIix] - ==

N3x8qy - -

(S153L Q3LVININEAY SN IANILXI)

Wo°0esSe

VI-52




|

LSINCHL v~ sSHONNI 116 IS¥D LSUON-WNS

QOTITITITIT0 O €SIME 822~ = =) WONWD LI€ ISWI i540n

110000000007 & £5ur €22 () HOWAI LIE IS¥D LSuon
1834 Q3IgNIL]

(0,621 +) Kevidsta 20113 3ySTeM ¥ 679 2an31d
ESUPPE 8= +SHONND LI€ 38¥D 1SNON-NNS
e0TITT10T010 & €SS 6T~ =(~) UONND LIE IS¥WD LSWON
110000016107 B £SIS 96T s(+) WONNI 116 3S¥J LSuON
4834 QUVINIVEGY

4s1 | s LI€ | asu

2t 11 ev 6 8 L

S b € - T

oo ems i

! WO *0QSe-

(84S

40y 3

LHOI AN
114

|
_
_
_
|
”zo.mmﬁ-
{
|
i

Wwe°set

S

GN3iX3 - ==

n3Ivegy - -

(51531 Q3LVIN3dggy SN GIANILXI)

-~ 110° 052

Vi-53




PR LTS

ESML 1 99~ +SYOUYI LI1€ 3§¥D LSUOM-WNS

OLTTI00ITI10 & 4STWE PSE- o(~-) FONND LIS 3S¥D 1SuON

100001100001 & €5TW!1 882 *(+) HONNI LI 3SWD LS¥OM
1534 430N3iX3

*(0.6¢ -) Ae1dsiq 10113 IyBteM 3¥d ‘(1’9 2and1i

€591 SE- +SuONNI LIE 3SvD LSHOA-WNS

OITIETITIT00 B §5IME 962~ =(-) NONND LIE 3S¥I LSUON

TO00T000001T & ESII 192 =(+) NONNI LI€ 3SWD LSHOM
1834 QLVINIUELY

851 . s LlE asu

S ¥ € e T

21 11 _e1 6 8 . 9

m

"I TN T |

, WO*00S-

| Wo*0Se-

In.

(8S
d0dd3

———— g

L

LHOI3M
114

| We*0s2

i
{

aN3ixa - _E

N3u48y - -

(S1S3L Q3LvIN3¥Eay SN J3IANILXI)

- 110° 005

VI- 54




(0,52 +) Aerdstq 10113 Azaed iofeW *11°9 and1d

1531 Q3AN3LX3 - ||

asu
4

1531 Q3ILvIn3agay - $ LIS
1T 01 8 L 9 S 1 4 €
|
a. l. Ms In

I ———— .

| WO* 005~

. Wo°es2-

(8457
d0yd3
AdYYI
J0VW

We " 052

ean o

(51531 Q3ILYININEEY SN QIANILXT)

7 WO *00Ss

VI-55




o

(0,621 ¥V A®vi1dsid a0ail £1aed 1olel . *21°9 =2an31d

1531 Q3AN3LX3 - |
1631 Q3LvIn3Ngay - | $ 114

1t et 6 8 . 9 s ¥ & = 1

o . WO * 00S-

Wo*oase-

(84S
30d43
AdYYI
J0roi

VI-56

Wo*ese

+

|
~ W0*00S

| (S1S3L Q3ILYIN3NEEY Sn AIANILXI)




e

*(D,SS =) Ae1ds1@ 10117 £K21w) 10fWW °g1°9 @andyJ

1631 Q3AN3LX3 - ]

153L q3LvIinaygay - | g L14

. asu
i1T_o1 6 8 2 9 s ¥ €& @ 1

-d

| =

SR | N

e e

ST

(54531 QILYININGAY SN QIANILXI)

000" 1-

Wo°ees-

(851
d0¥d3
AdaYD
40l

We - ees

000°7

V1-57




*(0,52 +) p33Isal sooTaad g1 A0d uoIINQIAISIC »uﬂumwcwq ‘#1°9 aan3t1d

et » S31dWYS Wett10°292 -AWMMWD HOIH WLPOEL 8y = 3NTIYN MO
el = S$31dUWYS WeTt10°292 =« 3INTYN HOIH ENVOMP.wncgmmWMJCD Mo
O 930 52+ ® ALINY3NIT-NON Xwu .
Wo* 00t Wo°00L Wo *00S WO 00t Wo°eot .
.ooo.ﬁ. WO 008 Wo°ee9 WO oo - WO 002 | 000°0
m 1 . °
“ £
|
_ | 1
LIWIT Wo°oe0s ooo.w

6L L0 S2 LEEE:80  dWYID0T INXXUW WO¥d

ALIYYINIT-NON WAWIXGW

1 4 ¥ 3NN




|

\
b
f

*(0,621 +) pa3sal sa01A9Q ZT 104 UOTINTI3ISTA K3ITiesuyl ‘G119 8anSyd

et = $31dUWYS Wr868°S62 .JmmwMD HOIH WLSPE#OT = 3NTUN MOT
et = $31dWYS Wr868°S62 = INTYN HOIH WLSPEPOT = 3NTUN MOT

AY1dSIda
O 930 S2T+ ® ALINUINIT-NON Xl

Woe - ee6 We ‘ool Wo°00s Wo° 00t Wo‘eot
000°? We‘*o08 We° 009 Wo‘oov Wo*vee 000°'0

+ o

VI-59

e et T

LINIT Wo°00S = 0009

ALINYINIT-NON WNWIXUMW
6L 100 S2 60:8€:80 dWY1DOT INXKXYW WON3 9 L9 30190

B




et

a1

dIWIT

*(D,5G =) pa3sal sadoTAa9(d ZI 104 UOTINGTAISTA A3ITABaull °91°9 2a1n814

* STIUUS  WITE'IBS + INTUN HOIH  WSEKBS'EE - INWN NOT
© STINYS  UPSIB"IBE - INUN HOIH  WBEYBS'EE - 3¢ NOT
| 9 930 §5- 9 ALINYUINIT-NON XU
10" 006 WO~ 90 1O 005 WO * OOF o* 00T
000° 1 110° 008 L10° 009 H0*00F | W0'002 |  000°0
m .
m
M .
w
N Lo
WO* 0085 000°3

6L 130 S2 01:9€:80

ALINUINIT-NON WNWIXYW

dWy 1907 ° INXXUW WO¥d

v 3NN

VI-60




7.1
7.2
7.3
7.4

7.5

SECTION VII

PRECISION VOLTAGE REFERENCES

MIL-M-38510/124

TABLE OF CONTENTS

Page

List of Figures VII -ii

List of Tables VII -iii
Introduction and Background VII -1
Description of Devices VII -1
Device Characterization Vi -3
Test Results and Evaluation of Data VII -4
Conclusions and Recommendations VII -6

VIiI -1




Figure
7.1
7.2

7.3

7.4
7.5

7.6

7.7

LIST OF FIGURES

Title
Subsurface Avalanche Zener Reference Diode
Schematic of LM199A Voltage Reference

Heater Power Dissipation versus Temperature for Different
Reference Currents

Reference Voltage and Noise Test Circuit
Dynamic Impedance Test Circuit

Population Histogram for LMi29A Precision Voltage
Reference

Population Histogram for LM199A Precision Voltage
Reference

VII =-ii

Page
VII -1
VII -2

VII -7

VII -8
VIiI -8

VII -9

Vi1 -10




Table

7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10
7.11
7.12
7.13
7.14
7.15
7.16

7.17

Summary
Summary
Summary
Summary
Summary

Summary

‘Summary

Summary
Summary
Summary
Summary
Summary
Summary
Summary
Summary

Summary

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

Electrical

02

LIST OF TABLES

Measurements

Measurements

Measurements

Measurements

Measurements

Measurements

Measurements

Measurements

Measurements

Measurements

Measurements

Measurements

Measurements

Measurements

Measurements

Title

at

at

at

at

at

at

at

at

at

at

at

at

at

n
I3

I3

I
I
I

I

Measurements at Il

Performance Characteristics for Device Types 01 &

0.6 mA (LM129A)
1.0 mA (LM129A)
15 mA (LM129A)

(LM129A)

0 ma; Vg = 30 V (LML99A)

0.5 md; Vg = 30 V (LML99A)

1.8 mA; Vg = 30 V (LMI99A)
5 mA; Vg = 30 vV (LM199A)
10 mA; Vg = 30 V (LML99A)
11.3 mA; Vg = 30 v (LML99A)
(LM199A)
1.8 mA; Vg = 9V (LML99A)
11.3 mA; Vg = 9 V (LML9%)
1.8 mA; V, = 40 V (LML99A)
11.3 mA; Vg = 40 v (LML99A)

1ma; Vg = 30 V (LML99A)

VII -iii

Page
VII
VII
VII
VIiI
VII
VII
VII
VII
VII
VII
VII
VII
VII
VII
VII
VII

VII

-11
.12
-13
-14
-15
-16
-17

-18

=20
-21

~22

=24
=25
-26

=27




7.1

7.2

SECTION VII
CHARACTERIZATION OF PRECISION VOLTAGE REFERENCES

MIL-M-38510/124

Introduction and Background

As precision and accuracy of control systems increase, the need for a
stable, precise voltage reference becomes apparent.

Precision voltage references are used in ratiometeric measurement syste:
as a reference against which all signal voltages can be compared, and
especially for high accuracy data converters,

The two precision voltage references characterized for this slash sheet
are the LM129A and the LM199A. These devices were selected by RADC,
GEOS and members of the JC~41 Committee for characterization. The
IM129A's and LM199A's were tested in test circuits devised to
check each parameter at all of the specified temperatures.

Description of Device Types -

The LM129A and LM199A precision voltage references each incorporate
precision temperature compensated 6.9 volt zener references. The desig
of the silicon chips uses a subsurface zener diode reference to reduce
noise and long term stability. This construction shown in Figure 7.1,
is accomplished using a relatively new technique known as ion implan-
tation. The subsurface diode is buried below the chip surface and is
therefore shielded from surface contamination and from ion inversion
and noise problems common to regular zener breakdown diodes.

SUBSURFACE
BREAKDOWN

% mmm;
’ —m-—é
N

\
P+ IMPLANT

e

Figure 7.1. Subsurface Avalanche Zener Reference Diode
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The voltage reference, additionally, contains circuitry to buffer the
temperature compensated zener diode from current variations that
accompany load current changes. The circuit for the LML99A precision
voltage reference is shown in Figure 7.2.

Ovr

208

>
Y &)
TR Xi g 10

o

Temperatura Stabilizar Reference

Figure 7.2, Schematic of LM199A Voltage Reference,

The precision reference circuit in this figure is comprised of two
circuits on a single monolithic silicon chip. One circuit is a temp-
erature stabilizer, The other circuit is the voltage reference. .The
voltage reference consists of a reference diode, D3, a current shunt
circuit, Ql0-Ql3 and a current mirror, ‘Ql4-Ql6. The reference diode

is temperature compensated by adjusting the diode current for 0-T.C.
This is accomplished by adjusting the 10K /A resistor in the base of
transistor Ql3. Transistor QL3 serves to buffer any reference circuit
current variations from the reference diode, For example, if the
external load current suddenly decreases, the current through the ex-
ternal series resistance from the main supply will tend to decrease,
and the voltage across the reference will tend to increase. The in-
creased voltage across the reference will cause more current to flow

in the base of transistor Ql3. Since transistor Ql3 supplies base
current for the current shunt, the currént shunt also conducts more
current. By adjusting the 30 K. resistor in the collector of Ql2, the
increase in shunt current can be made approximately equal to the decrease
in current supplied to the load. The only current change to the refer-

ence diode is due to the small change in transistor Ql3 base current,
Transistors Ql4-Qlé
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form a current mirror and serve as a constant current, active load for
transistor Ql3. Because the reference diode is temperature compensated
and because the current shunt handles the main variations in current,
the reference circuit maintains a stable output voltage for large vari-
ations of both temperature and current. This stability is observed in
both the LML1?9A and LM199A precision references.

The LM199A differs from the LM129A in that it also contains a tempera-
ture stabilizer circuit. The temperature stabilizer circuit operates
from a separate supply voltage that can range from 9V to 40 V. The
circuit draws current from this supply so as to maintain a constant

chip temperature of approximately 85°C. As the chip ambient temperature
decreases, the stabilizer draws more current from the supply and
increases the power dissipation on the chip. Thus, the chip temperature
tends to remain constant. A plot of average power dissipation versus
temperature and supply voltage is shown in Figure 7.3. A thermal
insulator housing is used with the LM199A to aid in the maintenance of

a constant chip temperature. For temperatures above 85°C, the temper-
ature stabilizer is no longer effective and the LM199A precision
reference performance is essentially degraded to that of the LMI129A.

Device Characterization

All evaluation and characterization of the precision voltage references
was performed in bench test set-ups, and measurements were made on an
HP3455 using Kelvin connections to the DUT. Breakdown voltage measure-
ments were made at different current levels and at different tempera-
tures, -55°C, 25°C, (85°C) and 125°C. Noise, Dynamic Impedance and
Warm-up were performed at one current level at 25°C.

Figure 7.4 shows the test circuit used to measure breakdown voltage.
The breakdown voltage measurements on the LM129A devices were made at
current levels of 0.6 mA, 1.0 mA and 15 mA. For the LM199A, these
measurements were made at current levels of 0.5 mA, 1.8 mA, 5 mA,l0.0
mA and 11,3 mA with the temperature stabilizer supply voltages set at
30 volts., Additional measurements were made with the temperature
stabilizer supply voltages set at 9 volts and 40 volts.

The noise test circuit is shown in Figure 7.4, Measurements were made
on a Tektronix model 7904 oscilloscope with a model 7A22 differential
input preamplifier. The bandwidth on the preamp was adjusted for

10 Hz € BW < 10 kHz and peak-to-peak measurements were .made on the
oscilloscope.
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The dynamic impedance test circuit is shown in Figure 7.5. Measure-
ments were made using a 400 Hz signal source and a voltmeter with a
400 Hz narrow band filter, AC signal levels were low in order to
insure small signal impedance measurements, Kelvin connections were
used and contact was made 1/8" below the reference case.

The initial temperature stabilizer supply current was measured using a
Tektronix model storage oscilloscope with a current probe. The peak
current was recorded from the oscilloscope.

Test Results and Evaluation of Data

The data taken on these devices was analyzed to determine the average
value and standard deviation. The results of this analysis are shown
in Tables 7.1 through 7.15.

The tables show two columns for average value and two columns for
standard deviation. The two columns to the extreme right of each table
indicate the final average value and the final standard deviation value
after the non-typical data is removed from the analysis. The other

two columns for average value and standard deviation value are computed
from all of the data measurements.

The data was obtained from 21 parts and 13 parts for the LM129A and the
IM199A., Statistical analysis on these devices is inconclusive because
of the small sample size, however, the characterization failed to un-
cover any major devices anomalies, and some of the measurements were
out of the specified tolerance. Some of the data taken was strictly
for characterization and provides data on conditions not specified by
the vendor or recommended for the device slash sheet.

Tables 7.1 through 7.4 tabulate the analyzed, measured data taken on

the IM129A. Measurements were made on the devices with supply currents
of .6 mA, 1.0 mA and 15 mA. The reference voltage measurements were all
well within the manufacturer's specified limits and a population hysto-
gram of these voltages is shown in Figure 7.6 . The devices all had
measured output voltages slightly below the nominal of 6,95 + .25 volts.
The mean value for I] = 1 mA was 6,8724 with a standard devication of
.02 volts. )

Data for the evaluation of temperature coefficient was obtained by
measuring the output voltage at the various specified temperatures and
determining the measurement differences in PPM/°C. The mean temperature
coefficient for this current was ~ 0.3 PPM/°C with a standard deviation

Vil -4




of 3,1 pPM/°C for-a temperature range from - 55°C td 25°C. The mean
temperature coefficient over the temperature range from 25°C to 125°C
was + 3.8 PPM/°C with a standard deviation of 2.8 PPM/°C. These number:
are well within the specification of * 10 PPM/°C. For this character-
ization effort similar data was obtained for device currents of .5 mA
and 15 mA. This data was used in the analysis of temperature coefficier
change with current. The analysis shows that the data for T.C. change
with current, over the temperature range from 25°C to 125°C, is greater
than the vendor's "typical" specification. The mean value was deter=-
mined as - 1,9 PPM/°C and the standard deviation was 1.3 PPM/°C, how-
ever, the parts received by 0S were not screened for this parameter.

Tables 7.5 through 7.15 tabulate the analysis of the measured data for
the LM199A. Data was taken to determine the power dissipation of the
thermal stabilizer versus temperature. The results of this data are
tabulated in Table 7,5 and are graphed on Figure 7.3 . The graph shows
the linearity of the change in power dissipation versus temperature for
zero current in the reference voltage circuit. From this information
the average thermal resistance is calculated as

_ 53807 - 78.0

9 85 + 55

= 3,29 mW/°C

The vendor was contacted on this matter and confirmed that the figure
should be 2 - 5 mV/°C. The vendor recommends that the thermal resis-
tance should be nominally specified at 5 mW/°C. The total device power
dissipation is the sum of the thermal stabilizer circuit power and the
reference voltage circuit power, (Py = Ppg + Pr). The graph in Figure
7.3 shows how the thermal stabilizer power dissipation is affected by
the added power dissipation of the voltage reference.

Data taken for various reference voltage currents was taken with the
thermal stabilizer supply voltage set to 30 volts, The reference volt-
age current values varied from .5 mA to 11.3 mA. Since the thermal
stabilizer temperature is not regulated to the maximum temperature of
125°c, two temperature coefficient specifications are required. One
T.C. tolerance of .5 PPM/°C covers the temperature range from =55°C to
85°C. The other tolerance of 10 PPM/°C covers the temperature range
from 85°C to 125°C. Data presented in Tables 7.6 to 7.10 shows that"
T.C. range increases as the current through the reference voltage cir-
cuit increases., For currents of 5 mA and larger, the standard deviatio
of the temperature coefficients is larger than the 1 mA limit for

a temperature range from 25°C to 85°C, however, these devices will be
tested only at I} = 1 mA, The vendor was contacted and stated that thi
and other parameters can be screened for special applications,
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Table 7,11 tabulates the results of the analyzed data for dynamic im-
pedance,. noise and T.C. changes with current. Noise measurements were
made by determining the peak-to-peak value of the noise. The mean
value of these measurements was 73.5 uV p-p. For broad-band white noise,
(RMS value)= (peak-to-peak value)/6. Therefore, the mean RMS value is
12,25 uv, which is less than the manufacturer's specification. As
previously described, the temperature coefficient increases with ref-
erence voltage current., The affects of this anomally on temperature
coefficient change with current are shown in Table 7.11. The most
significant tolerance variation occurs for a temperature range of 25°C
to 85°C where the standard deviation is 1.3 PPM/°C.

Tables 7.12 through 7.15 provide additional data on the measurement of
reference voltage, temperature coefficient and thermal stabilizer power
dissipation. For these measurements the reference voltage current was
set to 1.8 mA and 11,8 mA and the thermal stabilizer voltage was set

to 9 volts and 40 volts. The data results were consistent with previous
measurements and no anomalies were observed,

Table 7.16 tabulates the analysis of measured data for LM199A Thermal
Stabilizer Initial current, Reference Voltage Warm-up Stability and
Reference Voltage Temperature Cycling Hysteresis,

Conclusions and Recommendations

The data obtained for these analyses showed that the reference voltage
devices met the specifications published by the manufacturer. Other
parameters, not one hundred percent guaranteed by the manufacturer but
recommended by the JC-41 Committee, were measured and the data was
analyzed. Data taken on the temperature coefficient change with cur~
rent showed that some devices had values much greater than the published
typical value. The manufacturer states that this parameter can be
guaranteed but the additional tests will add extra cost to the parts. It
was decided not to recommend specification of this parameter.

Additional tests, such as, power off/on repeatibility, warm-up stability,
and temperature cycling hysteresis have been checked. These parameters
require extreme care in order to obtain reliable test data. The power
off/on data was obtained as a consequence of the warm-up test data at
time = 5 min. These data are shown in Table 7=16. 0S does not recommend
that the power off/on and warm-up test be a part of the slash sheet.

No major anomalies were uncovered during this characterization. A minor
anomaly was observed in the measurement of temperature coefficient change
with current. As the voltage reference current and temperature were
increased simultaneously to their maximum, the T.C. change increased
until it was 2~3 times the value at low current and temperature,

Table 7.17 'lists the recommended parameters for these devices,
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D
;‘— O = .
L VR { I‘ l V;
heater A:]
1

Lo ,
(heater available on UML99A ocrly)

y -
Lot

To test instrument

—

Figure 7.4. Reference voltage and noise test circuit,

it T% “ |

heater

(heater available on LML99A only)

10ka v To a.c. meter with filter v
L l A
{Vu: rov —> ‘

Zo = 10000 v, ohms

Figure 7.,5. Dynamic impedance test circuit,
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, 1/
Table 7.1. Summary of Measurements at I; = 0.6 mA™ (LM129A)

2/ Parameter values not included 2/
Overall Overall | in Final Average and Final{§ ,| Final |[Final
Parameter Average g~ and associated devices - Average o~
Reference High = High = 3
Voltage at +6,8922 .02 None +6.8922 | .02 ]
25°C (volts) | +6.8718 Manufacturer's spec = +6.8718
Low = 16,95 + 25 V Low =
+6.8360 +6.8360
3
T. over range| High = +4,2 High =
-55°C€Tp£€25°C -0.5 ° 3.0 None 4.2 3.0
(PPM/°C) Low = =6.1 Manufacturer's spec = -0.5
+ 10 PPM/°C Low =
-6,1
T, over range|High = +8.0 . High =
25°C £Tp £€25°C + 3.8 3.6 Nene +8.0 3.6
ePM/°C) Low = =7.7 ' Manufacturer's spec = +3.8
: ' +HepPM/°C Low =
7.7

Notes: 1. TI; = current through voltage reference.

2. Each block in the average column includes the high value, the
computed average value and the low value for the specified
parameter,
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Table 7.2. Summary of Measurements at I =1 mAl/ (LM129A)

2/ Parameter values not included 2/
Ovétall Overall | in Final Average and Final 9 ,| Final |Final
Parameter Voltage g~ and associated device # Average g~
Reference High = High =
Voltage at +6.8927 .02 None +6.8927 .02
25°C (volts) |+6.8724 Manufacturer's spec = +6.8724
' Low = 6.95 + .25V Low =
+6.8365 +6.8365
T. over range|High = +4.2 High =
-55°C£Ty425°Cc -0.3 3.1 None +4.2 3.1
(PPM/°C) Low = ~6.8 Manufacturer's spec = -0.3
+ 10 PPM/°C Low =
~6.8
Tc over range|High = +7.4 High =
25°C 4Ty £125°C +3.8 2.8 None +7.2 2.8
Low = =2.5 Manufacturer's spec = +3.8
* 10 pPM/°C Low =
-2.5

Noteg: 1, 1I; = current through voltage reference.

2. Each block in the average column indicates the high value, the

computad average value and the low value for the specified
parameter, :
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1
Table 7.3. Summary of Measurements at I = 15 mA‘/ (LM1294)

2/ Parameter values not included 2/ ;
Overall joverall | in Final Average and Final 0,| Final |Final ‘
Parameter Average T~ and associated device # Average g
Reference High = 'High =
Voltage at | +6.9036 .02 None +6.9036 | .02 1
25°C (volts) |+6.8852 Manufacturer's spec = +6.8852 '
Low = 16.95 £ .25V Low =
+6.,8455 +6.8455
T. over range|High = +2.3 High =
-35°C< Tp<€ 25°C ~-1.8 2.8 None +2.3 2.8
(PPM/°C) . Manufacturer's spec = -1.8
Low = + 10 pPM/°C Low =
-7.3 -7.3
Tc over range|High = +8.4 ‘ High =
25°C€£Tp %$125°C +4.5 2.7 None +8.4 2.7
(PPM/°C) Low = =1,2 Mdnufacturer's spec = +4.5
+ 10 pPPM/°C Low =
=1,2
» Notes: l. 1I; = current through voltage reference,
4 2. Each block in the average column includes the high value, the
computed average value and the low value for the specified
parameter.
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Table 7.4. Summary of Measurements . (LM129A)
2/ Parameter values not included] 2/

Overall|overall | in Final Average and Final ¢ ,| Final |Final
Parameter verage a- and associated device # Average | O~
P-P Noise 69.8 4.9 None 69.8 4.9

(wv) Manufacturer's spec =
20 (RMS max)
Change in High = High =
reverse break- +2.1 +2.1
down tempera=~ +0.8 0.8 None +0.8 0.8
ture coefficient |[Low = Manufacturer's spec = Low =
with current -1,2 + 1 PPM/°C (Typeed) -1.2
1 mA41;£15 mal/
-55°C£'TA€: 25°¢
Change in re~ High = High =
verse break- +0.6 +0.6
down tempera- -1.9 1.3 None -1.9 1.3
ture coefficieni Low = Manufacturer's spec = Low =
1 oA €1, <15 mat/|-5.2 + 1 PPM/°C (Typeesl) -5.2
25°C € Ty < 125°C
Dynamic _ None
Impedance (ohms) .74 .24 | Manufacturer's spec = 1 _qa, .74 .24
J

1,
2.

Notes:

I, = current through voltage reference.
Each block in the average column includes the high value, the

computed average value and the low value for the specified
parameter,
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Table 7.5. Summary of Measurements at I} = 0 mA; Vg = 30 Vl/ (LM199A)
2/ Parameter values not included; 2/

Overall|Overall |in Final Average and Firal J,| Final |Final
Parameter Average o~ and associated device # Average o
Reference
Voltage at - - - - -
25°C (volts)
T, over range
-55°C«£T,<£ 25°C - - - - -

@pM/ic)
T_. over range
25°C €T, 4 85°C - - - - -
®PM/°C)
T . over range
8S°caTp<125°c | - - - - -
(PPM/°C)

Heater Power High = ) High =
dissipation at 578.3 21.1 None 579.3 21,1
Tp = =535°C (mW) 538.7 538.7

Low = Low =

512.4 512.4
Heater Power High = High =
dissipation at 252.6 13.0 None 252.6 13.0
Tp = 25°C (nW) 229.4 229.4

Low = Low =

213.3 213.3
Heater Power High = High =
dissipation at 78.0 18.1 None 78.0 18.1
Tp = 85°C (mW) 52.8 52.8

Low = Low =

28.5 28,5
Heater Power High = High =
dissipation at 25.5 25.5
Tp = 125°C (miW) 22.7 1.7 None 22.7 1.7

Low = Low =

20,2 |20.2

1.

Notes: I;

Vs

2.

current through voltage reference.
temperature stabilizer voltage.
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Each block in the average column includes the high value, the
computed average value and the low value for the specified
parameter.




1
1/
Table 7.6, Summary of Measurements at I; = .5 mAj; Vg = 30 V= (LM199A)
2/ | Parameter values not included 2/
Ovétrall |overall| in Final Average and FinalJ ,| Final | Final
Parameter Average o and associated device # Average -
Reference High = High =
Voltage at +6,9899 +6.9899
25°C (volts) +6.9582 .03 None +6.9582 | .03
Low = Manufacturer's spec = Low =
+6.9025 +6,95 * .15 +6.9025
T, over range High = High =
-55°c£ T,& 25°C | 0.0 0.0 °
epM)°C) -.31 .17 None -.31 .17
Low = Manufacturer's spec = ,5 Low =
-.54 -.54
] T. over range High = High =
' 25°c €T, £ 85°C + .24 +.24 ’
] (PPM9°C) -.50 .34 None -.50 .34 b
4 Low = Manufacturer's spec = .5 Low =
-.95 -.95
T. over range High = High = i
85°C&T,€ 125°Cc | +7.5 +1.5 :
(PPM7°C) +1.7 5.0 None +1.7 5.0
Low = Manufacturer?s spec = 10 Low =
r =9.4 -9.4

Noteg. 1. I; = current through voltage reference
Vg = temperature stabilizer voltage
2. Each block in the average column includes the high value, tbe
computed average value and the low value for the specified
parameter.




Table 7.7. Summary of Measurements at I} = 1.8 mA; Vg = 30 Vl/ (LM199A)

2/ Parameter values not included| 2/
Overall {Overall | in Final Average and Final I,| Final {Final
Parameter Average g~ and associated device # Average Q-
Reference High = High =
Voltage at +6.99376 +6.99376
25°C (volts) +6.95934 .03 None +6.95932| .03
Low = Manufacturer's spec = Low =
+6.84427 6.95+ .15V +6.84427
T. over range High = -3.2, device #12 High =
=35°C&€Tp£25°C | +.72 2.4 -10.0, device #15 +.72 0.2
®PM/°C) -0.4 Manufacturer's spec = .§ +0.3
Low = Low =
-10.0 0.0
T, over range High = High =
25°C£T, <85°C | +0.7 +0.7
(PPM7°C) +.32 0.3 None +.32 0.3
Low = Manufacturer's spec = .§ Low =
0.0 0.0
T. over range High = High =
85°CE€Ty <125°C [ +9.3 +9.3
(PPM/°C) +0.6 6.6 None +0.6 6.6
' Low = " | Manufacturer's spec = 10 Low =
-11.3 -11.3
Heater Power High = High =
dissipation at 567.0 567.0
T, = -55°C (mW) | 522.0 22.3 None 522.0 22.3
.8 . e oo Low & PN - o . . Low =
491.7 491.7
Heater Power High = High =
dissipation at 240,9 240.9
Tp = 25°C (uW) 213.6 14.8 - None 213.6 14.8
Low = Low =
192.0 192.0
Heater Power High = High =
dissipation at 65.7 65.7
Tp = 85°C (mW) 41.3 18.0 - None 41.3 18.0
Low = Low =
20.7 20.7
Heater Power High = IHigh =
dissipation at 25,2 25.2
T, = 125°C (mW) 22.5 1.7 None 22.5 1.7
: Low = Low =
20.0 20.0

Notes: 1.

I; = current through voltage reference.
Vg = temperature stabilizer voltage.
Each block in the average column includes the high value, the

computed average value and the low value for the specified
parameter.
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Table 7.8. Summary of Measurements at I; = 5 mag Vg = 30 Vl/ (LM199A)
2/ Parameter values not included| 2/
Overall{Overall | in Final Average and Final{d ,| Final |Final
Parameter Average - | and associated device # Average
Reference High = High =
Voltage at +6.9929 +6,9929
25°C (volts) +6.9613 .03 None +6.9613 | .03
Low = Manufacturer's spec = Low =
+6.9055 +6.9055
T. over range High = High =
-55°C< T, € 25°C | +.54 +.54
(‘PPM?’ C) .03 .25 None .03 .25
Low = Manufacturer's spec = .5 Low =
~.54 -.54
T . over range High = High =
28°c<T < 85°Cc | +1.9 +1.9
®PM*C) +.28 .80 None +.28 .80
Low = Manufacturer's spec = .5 Low =
-.72 -.72
T, = over range | High = High =
85°c<€T, £ 125°C | +9.7 +9.7
erMi°c) +3.0 5.5 None +3.0 5.5
Low = Manufacturer's spec = 10 Low =
-8.7 C e -8.7

Notes: 1, 1I; = current through voltage reference
Vg = temperature stabilizer voltage

2. Each block in the average column includes the high value, the
computed average value and the low value for the specified
parameter.




ache il

Table 7,9, Summary of Measurements at I; =10 mA; Vsb = 30 .V"l'/ (LM199A)

2/ Parameter values not includedl 2/ |
Ovérall |Overall | in Final Average and Finald ,| Fidal |Final
Parameter Average and associated device # Average
Reference High = High =
Voltage at +6.9955 +6.9955
25°C (volts) +6.9640 .03 None +6.9640 | .03
Low = - Manufacturer's spec = | Low =
+6.9085 +6.95 + ,15 +6,9085
T . over range High = ' High =
-Ssecg TAL 25°C | +.72 | +.72
(PPM/°C) +.36 .23 None +.36 .23
Low = Manufacturer's spec = .5 Low =
-.18 -.18
T. over range High = ' High =
25°CE T, 85°C | +1.9 +1.9 :
(PPM/°C) +.91 .90 | None +.91 .90
Low = Manufacturer's spec = .5 Low = '
1.2 -1.2
T. over range High = High =
85°CcS Tp,< 125°c | +10.0 +10.0
(PPM9°C) +2.8 6.4 None +2.8 6.4
Low = Manufacturer's spec = 10 Low =
-10.5 -10.5
Notes: 1. current through voltage reference

I =

Vg = temperature stabilizer voltage

2. Each block in the average column includes the high value, the
computed average value and the low value for the specified

. parameter. '
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Table 7,10. Summary of Measurements at I; = 11.3 mAgy Vg = 30 Vl/ (1M1994)
2/ Parameter values not included 2/
Overall pverall |in Final Average and FinalJ ,| Final |Final
Parameter Average av and associated device # Average ‘s
Reference High = High =
Voltage at +6., 99934 +6.99934
25°C (volts) +6.96484 0.3 None +6.96484| .03
Low = Manufacturer's spec = Low =
+6.85108 6.95 £ .15V +6.85108
T. over range High = =4,3, device #12 High =
-55°C £ T, & 25°C| +9.5 +9.5, device #13 +1.6
(PPPO°C) +0.9 2.4 | ’ +0.7 0.4
Low = Low =
-4.3 -.36
T, over range High = +4,8, device #5 High =
25°C £T) «85°C +4.8 +3.6, device #17 +3.3
(PPMI>°C) +2.5 1.5 | +2,2 1.4
' Low = Low =
-0.7 =0,7
T, over range High = High =
85°C<£T, £125°C | +7.3 5.5 |=15,7 device #1 +7.3.
(PPM?°C) -1.0 +.05 4,1
Low = Low =
-15,7 =7.6
Heater Power High = High =
dissipation at 501.9 501.9
Ty = =55°C (mW) | 458.4 24,2 None 458.4 24.4
Low = Low =
425,7 425.7
Heater Power High = High =
dissipation at 174.6 174.6
Tp = 25°C (miW) 146.8 14.9 None 146.8 14.9
Low = Low =
121.8 121.8
Heater Power High = High =
dissipation at 42,9 42,9
T, = 85°¢C 32.8 6.2 None 32,8 6.2
Low = Low =
23.4 23.4
Heater Power High = High =
dissipation at 51.1 51.1
Ty ™ 125°c (mw) | 4l.7 6.1 None 41,7 6.1
Low = Low =
32.3 32.3
Notes: 1. I; = current through voltage reference.
Vg = temperature stabilizer voltage.
2. Each block in the average column includes the high value, the

computed average value and the low value for the specified
parameter.
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Table 7.11, Summary of Measurements (LM199A)

1/ : Parameter values not included 1/

ovérall foverall in Final Average and FinalJ”,| Final | Final
Parameter Average g~ and associated device # Average | Q-
Dynamic High = High =
Impedance (ohms) ].83 .83

.66 .12 None .66 .12

Low = Manufacturer's spec = 1 (max)|{Low =

.3 .3
Peak to Peak High = High =
Noise (uv) 80 80

73.5 6.9 None 73.5 6.9

Low = Manufacturer's spec = 20 Low =

50 (RMS max) 50
Change in reverse |{High = High =
breakdown temp- [+10.7 +9.1, device #14 +1,1
erature coeffic- [+1.4 3.1 +0.3 0.5
ient with current {Low = 1+10.7, device #16 Low =
1.8mA £77 S<11.3mA |~1.1 ' -1.1
-55°Cé'1‘Aé 25°C
Change in reverse [High = High =
breakdown temp- [+4,.8 +3.6
erature coeffic- [+2.2 1.4 +4.8, device #17 +2.0 1.3
ient with current [Low = ) Low =
1.8mA £77< 11.3mA |-0.7 0.7
25°C< T, < 85°C
change in reverse [High = - High =
breakdown temp- H8.6 +8.6
erature coeffic- |-1.7 3.4 None -1,7 3.4
ient with current [Low = Low =
1.8mA<£T1) £11.3mA [-4.5 =4.5
85°C£T, €125°C

Note: 1.

Each block in the average column includes the high value, the

computed average value and the low value for the specified
parameter.
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1/

Table 7,12, Summary of Measurements at I} = 1.8 mA;VS = 9 V=  (IML199A)
2/ Firameter values not included 2/
Ovérall pverall | n Final Average and Final 0", Final |Final
Parameter Average ot and associated device # Average o~
Reference High = | High =
Voltage at +6.,99343 +6.93343
25°C (volts) +6,95897 .03 None +6,95897 | .03
Low = Manufacturer's spec = Low =
+6.84392 6.95+ .15V +6.84392
T, over range High = High =
-55°C% T, < 25°C | +1.6 +1.6
CPPM/QC) +0.2 3.9 |[-16.3, device #15 +1.2 0.3
Low = ) Low =
=-16.3 +.72
T. over range High = High =
25°CL€ T, € 85°C +1.4 +l.4
(®PPM/°C) - +1.1 0.3 None +1.1 0.3
Low = Low =
+0.5 +0.5
T. over range High = -19,0, device #1 High =
85°C£T,£125°C | +10.0 -63.0, device #19 +10,0
(PPM/°C) -3.0 17.1 ' +2.4 5.6
Low = Low = -
~63.0 =-9.4
Heater Power High = High =
dissipation at 569.7 : 569.7
Ty = =55°C (mW) | 521.6 27.1 None 521.6 27.1
Low = . . Low =
476.1 ' 476.1
Heater Power High = High =
dissipation at 243.0 243.0
Ty, = 25°C (mW) 214.6 15,2 None 214,.6 15.2
Low = Low =
190.8 190.8
Heater Power High = | High =
dissipation at 67.2 67.2
TA = 85°C (mW) 41,6 19.1 None 41,6 19,1
Low = Low =
14.4 14,4
Heater Power High = High =
dissipation at " | 7,2 7.2
Tp = 125°C (o) 6.4 0.6 Ncne 6.4 0.6
Low = Low =
5.5 5.5

Notes: 1, I; = current through voltage reference.
Vg = temperature stabilizer voltage.

2. Each block in the average column includes the high value, the
computed average value and the low value for the specified

parameter.
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Table 7.13.

1/

Summary of Measurements at Iy = 11.3 mA; Vg =9 V= (LML99A)

2/ Parameter values not inclwded 2/
Overall pverall |in Final Average and Final J°,| Final |Final
Parameter Average | O and associated device # Average o~
Reference High = High =
Voltage at +6.99912 +6,99912
25°C (volts) +6.96457 .03 None +6.96457| .03
Low = Manufacturer's spec = Low =
+6.85086 6,95 * .15V +6.85086
T. over range High = High =
-55°C €Ty €25°C | +1.8 +1.8
(PPM/°C) - +1.5 0.3 None +1.5 0.3
Low = Low =
+. 54 +.54
T. over range High = +4.1, device #5 High =
25°C €Ty £€85°C +5.5 +5.5, device #17 +3.4
(PPM/°C) +2.6 1.3 +2.3 1.0
Low = Low =
+.5 +.5
T, over range High = -28.5, device #1 High =
85°C £T, £125°c | +148.7 +148.7, device #16 +11.4
(PPM?°C) +8.8 38.6 +0.9 7.2
» Low = Low =
-28,5 -13.7
Heater Power High = High = ]
dissipation at 504.0 504.0 ;
Ty = =35°C (mW) |457.6 24,5 None 457.6 24.5
Low = Low =
421.2 421.2
Heater Power High = High =
dissipation at 179.8 . 179.8
Ty = 25°C (W) 150.4 15.7 . None 150.4 15.7
‘ Low = Low =
124,6 124.6
Heater Power High = High = ]
dissipation at 12.1 12.1 :
Tp = 85°C (W) 9.0 1.8 None 9.0 1.8
Low = Low =
6.9 6.9
Heater Power High = High =
dissipation at 14.2 14.2 1
Tp = 125°C (mW) 11,5 1.8 None 11.5 1.8 ‘
Low = Low =
8.8 | 8.8

Notes: 1. I, =

2.

current through voltage reference,
Vs = temperature stabilizer voltage.

Each block in the average column includes the high value, the

computed average value and the low value for the specified
parameter,

VII =23




Table 7.14, Summary of Measurements at I) = 1.8 mA ,Vg = 40 V-];/ (LM199A)

2/ Parameter values not included 2/
Overall pverall |in Final Average and Final0™,| Final |Final
Parameter Average a- add associated device # Average (i
Reference High = High =
Volcage at +6.,99383 +6,99383
25°C (volts) +6.,95949 .03 None +6.95949| .03
Low = Manufacturer's spec = Low =
+6.84433 6,95+ ,15 Vv +6.84433
T. over range High = High =
=55°C €Tp £25°C | +.54 +.59
(PPM/°C) +.23 0.2 None +.23 0.2
Low = Low =
-.18 -.18
T, over range High = High =
25°C<£Ty< 85°C +0.7 ‘1+0.7
('PPM/QC) +.3 0.3 None +.3 0.3
Low = Low =
+0.2 +0.2
T, over range High = =19.7, device #1 High =
85°C<T, 4 125°C | +7.9 -78.1, device #19 +7.9
(PPM7°C) -4,9 20.1 |. +1.4 5.3
Low = Low =
-78.1 -9.8
Heater Power High = Yigh =
dissipated at 566.4 .66.4
T, = =55°C (@W) | 521.6 23.9 None 521.6 23.9
Low = Low =
486,0 486.0
Heater Power High = High =
dissipated at 239.6 239.6
Tp = 25°C (W) 212.3 15.0 None 212.3 15.0
Low = Low =
189.2 189.2
Heater Power High = High =
dissipation at 64.8 64.8
Tp = 85°C (mW) 43.8 14,7 None 43.8 14,7
Low = Low =
28.0 28.0 ]
Heater Power High = High =
dissipated at 33,9 33.9
T, = 125°C (mW) | 30.5 2.2 None 30.5 2,2
Low = Low =
26.9 1 26.9

Notes: 1.

I; = current through voltage reference,

Vg = temperature stabilizer voltage.
2, Each block in the average column includes the high value, the

computed average value and the low value for the specified

parameter.
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1/

Table 7.15. Summary of Measurements at I; = l1.3 mA; Vg = 40 V=" (LM199A)
. Parameter values not ineluded
Overall pverall | in Final Average and Final ¥, | Final |Final
Parameter Average o~ and associated device # Average o~
Reference High = High =
Voltage at +6, 99938 +6.99938
25°C (volts) +6.96488 .03 None +6.96488| .03
Low = Manufacturer's spec Low =
+6.85109 +6,85109
T. over range High = High =
-55°C<T, € 25°C | +9.3 +1,1
(ppu‘}‘c) +1.1 2,0 149.3, device #13 +0.6 0.3
Low = ' Low =
+.18 +,18
T, over range High = High =
25°C 4T, £ 85°C +6.4 +6,.0, device #5 +3.8
(PPM9°C) +2.6 2.1 |+6.4, device #17 +2.0 1.6
Low = ) Low =
-1,2 -1.2
T. over range High = |=35.4, device #1 High =
85°c T, €125°C | +13.9 -16.6, device #2 +13.9
(‘PPM‘7°C) -3.8 11.4 -0.3 7.3
Low = Low =
=35.4 -12.3
Heater Power High = High =
dissipation at 503.2 503.2
Ty = =55°C (mW) | 457.0 25,6 None 457.0 25.6
e . e e+ JLouw =. . . e . - Low =
411.6 411.6
Heater Power High = High =
dissipation at 173.6 173.6
Tp = 25°C (mW) 145.8 15.0 None 145.8 15.0
Low = Low =
120.4 120.4
Heater Power High = High =
dissipation at 61.6 61,6
Tp = 85°C (mW) 45.5 8.5 .None 45,5 8.5
Low = Low =
34,8 34.8
Heater Power High = |High =
dissipation at 70.9 70.9
Tp = 125°C (mW) 57.7 8.4 None 57.7 8.4
' Low = Low =
44.3 44,3

Notes: 1. 1I; = current through voltage reference.
Vg = temperature stabilizer voltage.

2. Each block in the average column includes the high value, the
computed average value and the low value for the specified

parameter.

4
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1
Table 7.16. Summary of Measurements at I} = 1 mA; Vg = 30 V—/(LM199A)

2/ .Parameter values not included| 2/
Overall|overall| in Final Average and Finalg ,| Final | Final
lparameter Average| O and associated device # Average| O~
Initial Heater High = : High =
Current (mA) 120 9.0 None 120 9.0
108.5 108.5
-l Ll
Reference Volt- | High = High =
age Warm-up 15,2 15.2
Stability 9.05 5.4 None 7.05 5.4
t = 10 sec (PPM) | Low = Low =
- 506 - 5.6
Reference Volt- | High = High =
age Warm-up 5.07 5.07
Stability’ 0.35 3.8 None 0.35 3.8
t =1 min (PPM) |Low = ‘ Low =
. -9.74 -9.74
Reference Volt- | High = High =
age Warm=-up 1.3 1.3
Stability - 2.4 2.8 None - 2.4 2,8
t =5 min (PPM) | Low = Low =
- 9.74 - 9.74
Reference Volt~ | High = | . ' High =
age Temperature | 2,03 2.03
Cycling Hystere- | -0,57 1.29 . None .- {-0.57 1.29
v sis (Positive Low = Low =
Temp) (PPM) =2.,4 2.4
Reference Volt- | High = High =
age Temperature | 1,3 1.3
Cycling Hystere~- | =2.4 2.8 None 2.4 2.8
sis (Negative Low = Low =
emp) (PPM) ~9.74 ‘ =9.74

Notes: 1. 1Ij = current through voltage reference.
Vg = temperature stabilizer voltage.
2. Each block in the average column includes the high value, the
computed average value and the low value for the specified
parameter, ' :
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Table 7.17.

(See 3.4 unless otherwise specified)

Electrical performance characteristics for device types Ol

& 02

Characteristics|Symbol |[Conditions Device Limits )
Type [Min. | Max. | Unit
Reference Volt-|VR 0. 5mA S[R R10mA [T5=25°C 01 {6.800f 7.10 VT
age Vs=30V :
0.6mA<TR <15mA [TA=25°C 02 16.70 }7.20
Reference Volt-[{aVp SmALIR =l0mA [Ta=25"C 01 -9 9 mv
age change with| (CURRENT)  Vg=30V -55°CaTA%125°C | 01 -12 12
current 0. 6mASTR <L 5mA [TA=25°C 02 -14 14
- -55°C2Tp<125°C | 02 -18 18
Reference Volt-]aVg IR=1.0mA -55°C4T7$85°C 01 -.5 .51 FPM
age Temperature|& T V=30V 85°C%ra£125°C - | 01 -10 10 °c !
IR=1.0mA -55°C4Ta%125°C | 02 -10 10 i
Dynamic Imped- [Zp IR=1mA Vg=30V;TA=25°C | O1 0 1 | Ohms
ance 4=, 3V; £=400H4TA=25C 02 0 1
Noise No IR=1mA Vs=30V;Ta=25C | Ol 0 20 jWVrms
BW=10Hz to TA=25°C 02 0 20
10kHz ,
IR=1mA V=30V, TA=25°C | O1 0 7 Wo-p-
W=0.1Hz ta A=25°C 02 0 7
10Hz B
Temperature Is - oVavga40v TA=25°C 01 P.5 14| mA|
stzbilizer IR=OmA TA=-55"C 01 b.¢6 28 | i
supply |
Tleurreat :
Initial Tem-  [ISI V&Vge4ov !
perature IR=06mA TA=25°C o1 |- 200
stabilizer
supply current
[Reference Volt- |aVR IR=1mA Vs=30V o1 -10 10
age temperature |(TEMP -55°C&TaA%125°%¢] -- 02 =1 T mv
cycling CYCLE)
hysteresis
FReference Volt- [aVR R®1lmA $=30V;Ta=25C | 01 [-20 20 | PPM
age long term Jat at=1000 hrs A®45°C 02 -20 20 | PPM
stability
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SECTION VIII

SAMPLE/ HOLb CIRCUITS
MIL-M=38510/125

8.1 Background and Introduction

with the advent of monolithic sample/hold circuits and their use in
the expanding fields of data acquisition and data distribution, the
time was right to characterize and specify these devices for military
systems. National Semiconductor's LF198 was the first characterization
candidate to be proposed by the JC-41 Committee, Although this report
only covers the LF198, a variety of other devices may eventually be
added to the future slash sheet MIL-M-38510/125,

A list of popular sample/hold circuits is shown below:

Generic Industry Manufacturer
Type
LF198 NSC, AMD, Signetics
SMp-11, =81 PMI
HA2420 Harris
m5115 Intersil
i LH0023, 0043, 0053 NSC
AD582 Analog Devices

At the time of this writing (October 1979) characterization work on

the LF198 is only in the beginning stages. Most device parameters and
test conditions have been identified. Test results, data analysis and
final slash sheet recommendations will not be included in this report.

8.2 Device Type Description

The LF198 is a monolithic, unity gain, closed loop type sample/hold
circuit. A functional schematic is shown in Figure 8-1l. When this
device is in the sample mode with the switch closed, the hold capacitor
charges to whatever level it takes to make the output equal to the
input. Gain accuracy of + ,02% is guaranteed over the military temp-
erature range with a typical acquisition time of 6 us. Bi-FET tech-
nology is used to make the J-FET input transistors of the output
buffer amplifier and thus minimize the loading on the external hold
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Figure 8-1. LF198 S/H functional schematic.

capacitor. Bi-polar transistors are used fo: che inputs of the signal
amplifier to obtain low offset voltage and wide bandwidth. Unlike
many hybrid and modular sample/holds, this device has an operating
‘power supply range from + 5V to + 18 V, Feed through in the hold
mode has been minimized to 0.1 pf from input to output. Mode control
is exercised through a TTL compatible differential comparator with a
nominal threshold of 1.2 V. Acquisition time, droop rate, hold step
and dynamic sampling error are important sample/hold parameters which
are very much dependent on the hold capacitor as well as the device
itself, ’

It is almost obvious to see that a smaller capacitor will yield a
faster acquisition time and small dynamic sampling error at the

expense of higher hold step and droop rate. The quality of the storage
capacitor is also critical to sample/hold circuit performance, Only
capacitors with low dielectric absorption will resist excessive ''sag

back' after being subjected to a quick charge of input voltage. Teflon,

polypropylene and polystyrene capacitors have this low hysteresis
feature whereas mica and ceramic types do not.

The back~to-back diodes and the 30 K ohm resistor maintain a feed back
path for the input buffer when the device is in the hold mode.

Without this feature, the buffer input impedance could change as a
function of being in the sample or hold mode. Also with the input
buffer loop operi, there would be a greater tendency for overload

recovery time problems and acquisition time would be compromised.




8.3

8.4

8.5
8.5.1

8.5.2

8.5.3

8.5.4

Device Characterization

The LF198 is the first sample/hold circuit to be characterized and
specified for a MIL-M-38510 slash sheet, Therefore, the commercial

data sheet had to be critically examined to determine what additional
parameters and test conditions, if any, would be required for an adequate
military specification. Table 8-1 shows the generic LF198 electrical
specifications. Further details on additional parameters and conditions
to satisfy a slash sheet specification are shown in the JC~41 Committee
electrical performance characteristics of Table 8-2. Next, a test
procedure had to be formulated on how to measure the various sample/
hold parameters.

Some very useful ideas and procedures were provided by National Semi-
conductor and Advanced Micro Devices. This manufacturer information
was then used in developing a test circuit and a quasi Table III for
the proposed MIL-M-38510/125 specification, Copies of the GEOS infor-
mation were submitted to the JC-41 Committee for review and comment,
The test circuit and test procedure are shown in Figure 8-2 and Table
8~3, respectively, Most of the sample/hold electrical characteristics
will be measured on the S-3263 test system, automatically,

Some oscilloscope waveforms which show the relationships between the
input, output and logic signals as a function of hold capacitance and
signal level are shown in Figures 8-3 and 8-4.
Discussion
The LF198 characterization work will be covered completely in the next
final report. At this time the device looks very promising and no
major characterization problems are foreseen.
Bibliography
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absolute maximum ratings

Supply Voltage 118V Input Voitage Equal to Supply Voltags
Power D (Package Limitation) (Note 1) 500 mw Logic To Logwc Referance Ditferentisl Voitage +7V, =30V
Operating Ambient Temperature Range {Note 2)
LF198 . ~B5"C to +125°C Output Short Circuit Durstion - Indetnite
LF298 —25°C to +85°C Hold Capacitor Short Circuit Duration 10 soc
LFa98 0°C1o0 +70°C Lead Temperature (Soidering, 10 seconds) 300°C
Storage Temperature Range -85°C to +150°C

electrical characteristics (Note 3)

¥ F .
PARAMETER . CONDITIONS LF198/LF 298 LF3%8 UNITS
MIN TYP MAX MIN Tve MAX

Input Offset Voltage, (Note 6) Ti+28°C 1 3 2 7 mv
Full Temperature Range 11 10 mv

Input Bias Current, iNote 6) Tj= 25°C 1 25 10 50 nA
Futt Temperature Range 75 100 nA

Input Impedance Tj=25°C 100 10'0

Gan Eeror Tj= 25°C. Ry = 10k 0.002 0005 0004 001 %
Full Temperature Range 002 | 0.02 %

Feadthrough Actenuation Ratio Tj=25°C.Cp = 0.0WF 88 96 80 90 a8

a1 kHe

Output impedance . Tj = 25°C, "HOLD" mode 0s 2 05 4 Q
Full Temperature Range 4 6 Q

“HOLD" Step, {Note 4) Tj = 26°C, Cp = 0.0WF. Voyr =0 05 20 10 25 mv

Supply Current, (Note 6) Tj>25°C 45 55 485 65 mA

Logic snd Logic Reference Input Tj=25°C 2 10 H 10 7y

Current

Leakage Current into Hold Ti= 25°C, (Note 5) 30 100 30 200 oA

Capacitor (Note 6) Hold Mode

Acquisition Time t0 0.1% AvQyT = 10V, Ch = 1000 pF 4 4 s

Ch = 0.0WuF 20 20 s

Hold Capacitor Charging Current ViN -Voyr =2V | 5 L] mA

Supply Voitage Rejection Ratio Vour =0 . 80 1o 80 10 d8

Ditferential Logic Threshold Tj= 25°C 08 14 24 08 14 24 v

Note 'I Thc maximum junction temperature of the LF198 is 150°C, for the LF298, 115°C, and for the LF388, 100°C. When operating st
empe! ®. the TO-5 package must be derated based on a thermal resistance (9;4) of 150°C/W.
Nowe 2: Although the differential voltage may not exceed the limits given, the common-mode voltage on the logic pins may be equal to the

supply oes without i to the circuit. For proper logic operation, however, one of the logic pins must slways be at lesst 2V below

the positive lupolv and JV sbove the negative supply.

Note 3: Unless oth ified. the f i iti apply. Unit is in “‘sample’’ modc Vg = 16V, Tj = =26°C, ~115V < Vyy < H11.5V,

Cp=00tuF snd R =10 kn Lomc reference vomp OV and 1ogic voltage = 2.5V,

Note 4: Hold step is sensitive to stray i input logic signals and the hoid itor. 1 pF, for i will create an

additions! 0.5 mV step with a 5V logic swing and s om“F hold cepacitor. Magnitude of the hold step is Invcmlv proportional to hold capecl-

tor velue.

Nou 5 Leskage current is measured at & junction umrnmuro of 25°C. The effects of junction temperatura rise dus to powor dissipation or
b can be csl d by ing the 25°C value for each 11°C increass in chip P . Leakage is g d over full input

signal range.

Note 8: These parameters guaranteed over a supply voltage range of 15 t0 18V,

- typical performance characteristics

Aperture Time® Capscitor Hysteresis Oynamic Sempling Error
™
T T " SOLYPROPYL ENF
s bvayv-eny 7 . ‘”m':::;:_ AND POLYSTYRENE
8 |- aVgyrsimy ~f 1] TIME CONSTANT
% I ygeativ e 1V s " s
g e weur 3 3
stee
! " g e T E
. i MYLAR / £
] F m: >
™ b ot consTan /POLYPROPYLENE
5 e AND POLYSTYRENE
§ - NYSTERESIS
o B2 L1 "
W e W T s o 1 ] 10
JUNCTION TEMPERATURE (°C) SAMPLE TIME (mo) HOPUT SLEW RATE (Vims)
*Ses definition

Table 8-1. Generic LF198 electrical specification,
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LF198 Sample/Hold Test Procedure Notes

1/ 1In order to remove test amplifier offset from the data values measure the
offset of Ul on pin 8 with pin 9 grounded. ‘
Software subtraction techniques should be used to corregt the data.

2/ The equations take into account the test amplifier gain of 100 and other
circuit constants so that the calculated value is in Table I units,

3/ Common mode input range conditions are exercised by grounding the signal
input and swinging the power supplies to their nominal levels minus the
common mode voltage. For example for Voy = + 11.5 V, + Voo = 15V - 11.5 = 3.5
and"vcc"15V'11.5V"'26.5V.

4/ wWith a 0 V signal input the D,U,T, logic input is switched from 2.5 V to O V.
This resets the system in the hold mode. The test amplifier output is mea-
sured immediately after each 15 V change at the signal input,

5/ E22 and E23 are measured with the D,U.T. in the hold mode.

6/ For the hold step test, the first and second measurements are made with
the D,U.T. in the sample and hold modes respectively.

7/ Logic input step changes should have a rise time of 0.5 u seconds or less,

§/ High and low state logic input currents shall be measured over the common
mode voltage range as shown.

2/ The output shall be shorted to ground for 25 milliseconds or less.

10/ Hold leakage current at 25°C is determined by measuring the droop referred

to the test amplifier output over a one second interval.

11/ The charge current measurements on pin 7 is referenced to forced voltages of

9.5V and - 9.5 V respectively.

12/ wWith worst case logic threshold voltages applied, the hold cap terminal

output current is measured to determine if the device is in the correct
operating mode,

13/ step the signal input from O V to + 10 V. After a delay ofZ 100 usec

generate a 100 usec sample mode pulse, The difference between the input

and D.U.T. output is monitored with a high differential amplifier, Reduce

the sample mode pulse width until there is a 10 mV (0.1%) change. from the

100 usec pulse value, The sample mode pulse width for this condition is

the acquisition time. Repeat the above procedure for input signal transitions
of I0VtoOV,0Vto-10V and « 10 V to 0 V. Figure 12 shows an automatic
flow chart method and a simplified manual method for determining acquisition
time,

Table 8-3. LF198 sample/hold test procedure (cont.).
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15/

Step the logic input from 5 V to O Vv with the input at 0 V. After a

2 usec time delay step the signal input up to 10 V. For this condition
the D.U,T. output should be 22 0 V. Gradually decrease the delay until
a 10 mv (.1%) shift occurs at the D,.U,T. output. Repeat the above
procedure for input signal transitions of 10 Vto OV, 0V to - 10 V and
= 10V to 0 V. The delay corresponding to the 10 mV shift is equal to
the aperture time. :

Settling time is determined by adding the aperture time to the additional
increment of time during which the output in the hold mode is greater
than one millivolt from final value.

Dynamic. feedthrough rejection is determined in the hold mode with a signal
input of 20 Vp, at a frequency of 1 kHz. '

Overshoot TR (0S) and rise time TR (tr) are indicative of the stability
and bandwidth of the device, respectively,

Broadband noise NI (BB) of the D.U,T. is extracted from the total noise
of the D.U.T. and a low noise op amp such as the SE5534.

Table 8-3., LF198 sample/hold test procedure (cont.)
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Vout @ 5 v/div.

Vin @ 5 V/le-
(Triangle Freq = 30 kHz)

Vioe @ 2 v/div,
Time @ 5 usec/div.

ChoLd = 0.01 uF

Vout @ 5 v/div.

Vi, @5 v/div,
(Triangle Freq = 30 kHz)

Viog @ 2 v/div.
Time @ 5 usec/div. s

Cyorp = 0.001 uF

Figure 8-3. LF198 sample/hold waveforms vs. hold capacitor.
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Vout @ 5 V/div.
Vin @ 5 V/di.Vo
Time @ 10 us/div.

C = .01 uF

Vout @ 50 mv/div.
Vin @ 50 mv/div,
Time @ 10 us/div.

c = .01l uF

Figure 8-4. LF198 sample/hold waveforms vs. sign#l level.
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SECTION IX

VOLTAGE REGULATORS, NEGAT IVE

MIL-M~-38510/115

9.1 Background and Introduction

The characterization effort of fixed negative voltage regulators was
undertaken in 1978 and is reported in RADC-TR-78-275 Final Technical
Report. The report noted observations that indicated several device
anomalies, such as; a) start-up and output short circuit current problems
under different input voltages and load currents, b) emitter-follower
type oscillations and c) hot-socket insertion/extraction failures.
Emitter-follower type oscillations and hot-socket insertion/extraction
failures were investigated and solutions to these problems were presented.
Information relation to problems of this type may be found in an

article "Designer's Guide to: I.C. Voltage Regulators" by Robert Dobkin
published in EDN August 20, 1979 and September 5, 1979. The start-up
anomaly was observed immediately prior to the writing of the above
mentioned report. Investigations were continued after the report was
issued for publication and are presented herein.

9.2 start-up Investigations and Results

The investigation of the start-up problem was initiated as a result of

“ comments made at a JC-41 Committee meeting-in March of 1978. At this
meeting various members disclosed that some regulators failed to start

or were specified in such a way that devices that would not start would

not be detected. The investigation at 0S began with the construction of

the test circuit shown in Figure 9.1. The switch, 3-1, was connected to

a stiff high current power supply and the test was performed under vari-

ous load conditions. The test was performed repeatedly and occasional .

failures were observed by three individuals at 0S test facilities. As ;

simple as this test appeared, it had the drawback that the on/off duty

cycle, for power to the device, was uncontrolled; and, since these

devices are tested without a heat sink, it is quite possible that with

this over-simplified test circuit they were driven into their thermal

shut-down mode,

In order to eliminate the suspected thermal shut down problem, a special
solid state start-up circuit was constructed and is shown in its final
form in Figure 9,2, This circuit was used to test devices that had
previously failed start~-up at 0S, but could not be confirmed at the :
manufacturer's test facility. The use of relays for this test was re-

jected because it was felt that relay chatter would introduce an uncon-
trolled test condition., The pass transistor, used in the circuit in




Figure 9.2, is a power darlington transistor and can provide sufficiently
high initial current for the start-up test. A current regulator is used
in the base of the power darlington, and the current into the base of

the transistor is regulated by the op amp and the shunt transistor to
ground., Because of the high capacitive load circuit at the power
darlington emitter and the high impedance input circuit at the power
darlington base, it was necessary to add stabilizing capacitors to the
control circuit in order to eliminate emitter-follower oscillations,

The closed loop gain of the start-up circuit has a gain of 10 so that
voltages as high as 40 can be easily programmed by either an automatic
tester or a pulse generator. With this start-up circuit, the duty cycle
of the regulator on-time was set for 27. No start up failures were ob-
served on the oscilloscope; so, the duty cycle was increased. -As the
duty cycle increased, intermittent start-up problems were observed, This
circuit confirmed the suspicion that the initial observation was due to
uncontrolled heating of the device which went into thermal shut-down.

At a later meeting of the JC-41 Committee, it was learned that the
start-up problem could occur if the regulator output was momentarily
shorted to ground. To test this parameter the circuit; shown in Figure
9.2yat the output of the regulator was developed. with this circuit,
the output is forced to zero volts. The forcing voltage is then removed
and the device is allowed to recover into a resistive capacitive load.
0S recommends that this anomaly be called voltage recovery. Both start-
up and voltage recovery tests are discussed in Section 3.

Some negative voltage regulators with date code 7619 and 7639 were tested
in this test circuit, The devices all started-up at 25°C with input
voltages between - 30V and -8 Volts and with load conditions in accordance
with the test specification. However, with the input voltage magnitude
greater than 25 volts and the case temperature greater than 60°C, a few
of these regulators failed to recover with the specified load current.
Negative regulators with date codes 78XX were also tested and passed

the voltage recovery test with a case temperature of 125°C,

Additional testing on the 76XX data code devices that failed the voltage
recovery test revealed that the input~to-output voltage differential is
very critical. For case temperatures above 60°C and with a specified
load condition, these devices shut down when the input-to-output voltage
magnitude was greater than 20 volts. None of the tested negative voltage
regulators, with date codes 78XX, showed this anomaly,
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9.3 Conclusions

Start-up problems originally identified by GEOS in 1978 apparently were
due to the use of an uncontrolled ON-time duty cycle of the regulator,
causing random thermal shutdown to occur. Present testing indicates
that start-up problems do not exist with any regulators specified in
MIL-M-38510/115, /117, /118.

Voltage recovery problems may exist with devices from one vendor, having
date codes prior to 1978, Devices qualified to MIL-M-38510 will not
exhibit voltage recovery problems, which have been designed out by the
vendor in question,

Hot socket & emitter follower oscillations were resolved in the afore-
mentioned report., The findings and resolutions for these anomalies are
still valid.
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NOTES :
1/ For each device type, adjust Ry for a typical load current of 5 mA.

g/ Ad just Vg=- Ivin(minl for the device type under test. Close switch Sl and
observe that the proper voltage is at Vo. Open Sl.

3/ Repeat the conditions defined in 1/ and 2/ with Vg = - Ivin(max)l for
each device type under test,

4/ For each device type, adjust Ry for a load current of 350 mA or 500 mA
per Group 2,

5/ Repeat the conditions defined in 2/ and 3/ with the load current conditions
defined in 4/.

jon
~

For each device type, adjust Ry for a typical maximum load current.

I~
~

Repeat the conditions defined in 2/ and 3/ with the load current condi-
tions defined in 6/.

With S2 closed, repeat the conditions defined in 1/ through 7/.

|o
~

Figure 9.1. Manually controlled start-up test circuit.
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MISSION
of |
Rome Avr Development Center

. RADC plans and executes research, devdopmwt Ztest and
delected acquisition programs in suppont 04 Command, Contrnof
8

T

Communications and Intelligence (C31) activities. Technical
and engineening support within areas of technical competence
45 provided to ESD Program ogﬁu_u (POs) and other ESD
elements. The principal technical mission areas are
communications, electromagnetic guidance and controf, .sun-
veillance of ground and aerospace objects, Ln/te,&b.genca data
collection and handung, ingonmation dysem ZLechnology,
Lonospheric propagation, solid state sciences, microwave
physics ard electronic awbm muntunabM and
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