MAT-01

MATCHED MONOLITHIC
DUAL TRANSISTOR

Precisiun Monolithics Ine

PMI

FEATURES
® LowVog(VgegMatch) ....................... 40V Typ
100,V Max
® LowTCVps ..o vvieeiiiiiiiieiiannss 0.5.V/° C Max
® Highhpg ....oooiii i 500 Min
e Excellent hgg Linearity from 10nA to 10mA
® Low Noise Voltage ......... 0.23:Vp.p — 0.1Hz to 10Hz
e High Breakdown .......................co00s 45V Min
¢ Available in Die Form
ORDERING INFORMATIONY
Ta=25°C OPERATING
Vos MAX TEMPERATURE
(mv) PACKAGE RANGE
0.1 MATO1AH* MIL
05 MATO1GH MIL

* Fordevices processed in total compliance to MIL-STD-883, add /883 after part
number. Consult factory for 883 data sheet.

t  Burn-inis available on commercial and industrial temperature range parts in
CerDIP, plastic DIP, and TO-can packages. For ardering information, see
1990/81 Data Book, Section 2.

GENERAL DESCRIPTION

The MAT-01 is a monolithic dual NPN transistor. An exclu-
sive Silicon Nitride “Triple-Passivation” process provides
excellent stability of critical parameters over both tempera-
ture and time. Matching characteristics include offset voltage
of 40uV, temperature drift of 0.15:V/° C, and hgg matching of
0.7%. Very high hgg is provided over a six decade range of
collector current, inciuding an exceptional hgg of 690 at a
collector current of only 10nA. The high gain at low collector
current makes the MAT-01 ideal for use in low-power,
low-level input stages.

PIN CONNECTIONS

(TOP VIEW)

TO-78
(H-Suffix)

NOTE:
Substrate is connected to the case.

ABSOLUTE MAXIMUM RATINGS (Note 4)
Collector-Base Voltage (BVcgo)

MAT-01AH, GH, N ... ... i 4a5v
Collector-Emitter Voltage (BVcep)

MAT-01AH, GH, N ... . e 45v
Collector-Collector Voltage (BVec)

MAT-01AH, GH, N ....... ... o, 45V
Emitter-Emitter Voltage (BVgg)

MAT-01AH, GH,N ... ... i 45V
Emitter-Base Voltage (BVeggp) (Note 1) ................ 5V

Collector Current (Ig) ..cvvviirviiiiiiiiiinnennn. 25mA

Emitter Current (Ig) ....ocvveiiiiiiiiiiiineeennns 25mA
Total Power Dissipation

Case Temperature < 40°C (Note 2) .............. 1.8W

Ambient Temperature =< 70°C (Note 3} ......... 500mwW
Operating Ambient Temperature ....... -55°Cto +125°C
Operating Junction Temperature ...... -65°Cto +150°C
Storage Temperature ................. -65°C to +150°C
Lead Temperature (Soldering,60sec} ............. 300°C
DICE Junction Temperature ........... -65°C to +150°C

NOTES:

1. Application of reverse bias voltages in excess of rating shown can resultin
degradation of hgg and hgg matching characteristics. Do not attempt 10
measure BVggg greater than the 5V rating shown.

2. Rating applies to applications using heat sinking to control case tempera-
ture. Derate linearly at 16.4mW/° C for case temperatures above 40°C.

3. Rating applies to applications not using heat sinking: device in free air only.
Derate linearly at 6. 3mW/° C for ambient temperatures above 70°C.

4. Absolute maximum ratings apply to both DICE and packaged devices.

BURN-IN CIRCUIT

8/89, Rev. A




MAT-01 MATCHED MONOLITHIC DUAL TRANSISTOR

ELECTRICAL CHARACTERISTICS at Vcg = 15V, Ic = 10uA, To = 25°C, unless otherwise noted.

MAT-01AH MAT-01GH
PARAMETER SYMBOL CONDITIONS MIN TYP  MAX MIN TYP  MAX UNITS
Breakdown Voltage BVeeo e = 100uA 45 — - 45 - — v
Offset Voltage Vos — 0.04 0.1 - 0.10 05 mv
Otfset Voltage Stability
First Month Vog/Time (Note 1) — 2.0 - — 20 — #V/Mo
Long-Term {Note 2) — 0.2 — — 0.2 —
Offset Current los — 0.1 0.6 - 02 3.2 nA
Bias Current Ig — 13 20 — 18 40 nA
fc=10nA — 590 — - 430 —
Current Gain hre lg=10pA 500 770 - 250 560 —
le=10mA — 840 - — B0 -
. le=10pA e a7 3.0 - 1.0 8.0
Current Gain Match Ahgg 100nA < 1 < 10mA _ 08 _ _ 12 _ %
Low Frequency Noise e 0.1Hz to 10Hz (Note 3 — 02 04 — 023 o4 v
Voltage ne-p ' ’ ' ’ ' #¥pp
Broadband Noise
Voltage enAMS 1Hz to 10kHz — 080 - — 060 - uVams
Noise Vol fo=10Hz (Note 3; — 7.0 9.0 — 7.0 9.0
gse M age en fo = 100Hz (Note 3} — 61 78 — 81 78 iz
ensity fo = 1000Hz (Nate 3) — 60 15 — 60 75
Offset Voltage Change AVpg/AVep 0 < Vcg=< 30V - 05 3.0 - 08 8.0 wVIV
Oftfset Current Change Alos/AVea 0 < Veg< 30V - 2 15 - 3 70 PA/V
Collector-Base Veg =30V, [g=0
1 - 15 50 —
Leakage Current ceo (Note 4) % 200 pA
Collector-Emitter Vee =30V, Vge =0
— 50 200 -
Leakage Current lces (Notes 4, 6) %0 400 pA
Collector-Collector
Vee =30V, (N — _
Laskage Gurrent loe cc = 30V, (Note 6) 20 200 30 400 pA
Collector Saturation la=0.1mA, Ic=1mA - 012 0.20 — 0.12 0.28
Veesar) _ Z _ _ v
Voltage lg=1mA, ls=10mA 08 — 08 -
Gain-Bandwidth Product ty Veg = 10V, Ic= 10mA - 450 - — 450 - MHz
Output Capacitance Cob Veg =15V, Ig=0 - 2.8 ~ — 28 — pF
Collector-Collector
Vee= - 8.5 - - ; -
Capacitance Cec cc=0 85 pF
ELECTRICAL CHARACTERISTICS at Veg = 15V, Ic = 10uA, -55°C < T < +125°C, unless otherwise noted.
MAT-01AH MAT-01GH
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
Offset Voltage Vos — 006 015 — 014 070 mv
Average Offset
te 7 - A . — . E °
Voltage Drift TCVos «Note 7; 015 050 0.35 18 pV/°C
Ottset Current los - 0.9 8.0 - 1.5 15.0 nA
Average Oftset .
Current Drift TClos ‘Note 51 - 10 90 — 15 150 pA/°C
3ias Current lg — 28 60 — 36 130 nA
Surrent Gain heg 167 400 - 77 300 -
Sollector-Base Ta=125°C, Vg =30V,
| — 15 —
Leakage Current ¢8O le =0 (Note 4/ 80 % 200 nA
Sollector-Emitter Ta=125°C, Vg = 30V,
Leakage Current loes Vg = 0 (Notes 4, 6) 50 300 - 80 400 nA
>ollector-Collectol Ta=125°C, Vo = 30V
oflector oo A cc — 30 200 — 50 400 nA

Leakage Current

Note 6/
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MAT-01 MATCHED MONOLITHIC

DUAL TRANSISTOR

DICE CHARACTERISTICS

DIE SIZE 0.035 < 0.025 inch, 875 sq. mils
(0.89 x 0.64 mm, 0.58 sq. mm)

. COLLECTOR (1)
. BASE (1)

. EMITTER (1)

. EMITTER (2)

. BASE (2)

. COLLECTOR (2)

NONWN =

For additional DICE ordering information,
refer to PMI's Data Book, Section 2.

WAFER TEST LIMITS at Vog = 15V and Ig = 104A, T = 25°C, unless otherwise noted.

MAT-01N
PARAMETER SYMBOL CONDITIONS LIMITS UNITS
Breakdown Voltage BVeeo lc = 100pA 45 VMIN
Offset Voltage Vos 0.5 mV MAX
Offset Current los 32 nA MAX
Bias Current g 40 nA MAX
Current Gain hre 250 MIN
Current Gain Match Ahgg 8.0 % MAX
Oftset Voltage Change AVpg/AVer 0= Veg< 30V B 8.0 #V/IV MAX
Oftset Current Change Algg/AVeg 05 Vep= 30V o ] 70 pA/V MAX
Collector Saturation Voltage Ve (saT) lg=0.1mA i =1mA 0.25 V MAX

NOTE:

Electrical tests are performed at wafer probe to the limits shown. Due to variations in asembly methods and normal yield loss, yield after packaging s not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing

TYPICAL ELECTRICAL CHARACTERISTICS at Vg = 15V and I¢ = 10uA, Ta = 25°C, unless otherwise noted.

MAT-01N

PARAMETER SYMBOL CONDITIONS TYPICAL UNITS
Average Offset Voltage Dnift TCVgs 0.35 uV/°C
Average Offset Current Drift TClgg 15 pA/°C
Collector-Emitter-Leakage Current lces Vg =30V, Vge =0 90 pA
Collector-Base-lLeakage Current lcso Vg =30V, Ig=0 25 pA
Gain Bandwidth Product tr Ve = 10V, 1= 10mA 450 MHz

First Month 1 Note 1/ 20

) il AVoe/T
Offset Voltage Stability os Long-Term «Note 2 02 »V/Mo
NOTES:
1. Exclude first hour of operation to allow for stabilization 5. Guaranteed by |ng test limits over temperature.
Parameter describes iong-term average drift after first month of operation. 6. lgcand Icgg are guaranteed by measurement of Lo,

2
3. Sample tested.
4

The collector-base :lggg) and collector-emitter 1lcgg leakage currents

=25°C

may be reduced by a factor of two to ten times by connecting the substrate
(package: to a potential which is lower than either collector voltage.

v,
Guaranteed by Vog test (TGVos =~ for Vog < Vgg: T = 208°K for Ty
T
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MAT-01 MATCHED MONOLITHIC DUAL TRANSISTOR

TYPICAL PERFORMANCE CHARACTERISTICS
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MAT-01 MATCHED MONOLITHIC DUAL TRANSISTOR

MAT-01 TEST CIRCUITS

MAT-01 MATCHING MEASUREMENT CIRCUIT

+16.5V

50k§2

50k* S 50k
> S

+16.5v

vVourt
TEST Sl, Sig UNITS
Vos X X Vour, 1 volt per mV
los o o VOUTg - V()u-r1 1 volt per nA
100pF e
l 2068
*MATCHED TO 0.01%
V-
MAT-01 NOISE MEASUREMENT CIRCUIT
+15V
50k
*MATCHED TO 0.01% . N By SPECTRUM
:; S0k 3: 0k ANALYZER
r i s | %Raser | vor
. ANALYZER |—O
. 218172283 | noise
0P-08 DENSITY
': 2.5MQ 8
-
J__/S1B —18v s2
P 33k vaz
o S [ o
.fy il Low
Pl FREQUENCY
NOISE
4.7uF
720k 2048 10082 I
-15v - =
TEST Slp Sig 82 S; READING
Noise Voltage Density
R X
{Per Transistor) X X A VoV2

Noise Current Density
{Per Transistor)

O O X A

Vo1/(v/2 X 4M1))

Low Frequency Noise
(Referred to Input)

x

X O B

Vgo PEAK-TO-PEAK

25,000
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MAT-01 MATCHED MONOLITHIC DUAL TRANSISTOR

APPLICATION NOTES

Application of reverse bias voltages to the emitter-base
junctions in excess of ratings (5V) may result in degradation
of hpg and hgg matching characteristics. Circuit designs
shouid be checked to ensure that reverse bias voltages above
5V cannot be applied during such transient conditions as at
circuit turn-on and turn-off.

Stray thermoelectric voltages generated by dissimilar metals
at the contacts to the input terminals can prevent realization
of the predicted drift performance. Both input terminals
should be maintained at the same temperature, preferably
close to the temperature of the device’s package.

TYPICAL APPLICATIONS

PRECISION REFERENCE

O VAREF

AA

Vrgp =~ 7.0V

TCVReg ~ 10ppm/°C

Rg ~ 400

Ay MAY BE ADJUSTED TO MINIMIZE TCVRer. INCREASING Ry WILL

CAUSE A POSITIVE CHANGE IN TCVpgg.

NOTE: hpg OF Qt WILL BEREDUCED BY OPERATION OF BREAKDOWN
MODE.

PRECISION OPERATIONAL AMPLIFIERS

+18Y

RL
+15V
<
< >
> oy < »
SAL 2 AL
C¢ +
i} OP-D2A+
. MAT-DIAH** —tav

=

*MATCH TO 0.1%

15y **SEE TABLE FOR SPECIFIC DEVICE TYPE

THIS CONFIGURATION CAN ALSO BE USED WITH THE LOW POWER
OP-21 OA MICROPOWER OP-22 TO ACHIEVE A LOW NOISE AND LOW
POWER PRECISION OP-AMP.

MAT-01AH MAT-01AH MAT-01GH MAT-01GH
OP-02A OP-02A 0OP-02 OP-02
V,
0S 0.15mV 0.27mv 0.65mV 1.2mv
Maximum
TCVos o s o o o
Mamum  288V/°C 14V C 2uV/°C 4uV/°C
|
os 0.8nA 0.1nA 3.2nA 0.32nA
Maximum
1
B 20nA 2nA 40nA anA
Maximum
Gain
. 2,000,000 2,000,000 800,000 800,000
Minimum
Is 20uA 2uA 20pA 2uA
Ry 100k 2 MO 100k} 1MQ

3ASIC DIGITAL THERMOMETER READOUT IN
JEGREES KELVIN (°K)

DIGITAL THERMOMETER WITH READOUTIN°C

+15V

100 FT _15v
CABLE T
A Eo=
DIFFERENTIAL
E | | || AMPLIFIER AND 1nmvg
R H J CURRENT
SOURCES
‘¢ K Eg
—66°C = 218°K = 2.18V 3-DiGIT DPM
+25°C = 298°K - 2,99V 0TO+10 VOLTS
+126°C = 398°K - 3.98V FULL SCALE

METER DISPLAYS
£Q -2.73V

upP TO +15v =

100 FT. —18V

CABLE T T

Ep=
DIFFERENTIAL o
SENS | | 1 éangunen anp | 10mv/ g
RENT
MAT-0TH \ . J % SQUACES
N E WIGH 21/2DIGIT
2T3vOLTS DPM BIPOLAR
rawer, DIFFERENTIAL
1 LOW  INPUTS

+125°C = +1.26V

—55°C = —0.55V
+25°C = +0.25V
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