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Low Noise, Matched
Dual Monolithic Transistor

MAT02

FEATURES
Low Offset Voltage: 50 nV max
Low Noise Voltage at 100 Hz, 1 mA: 1.0 nV/VHz max
High Gain (hgg): 500 min at Ic =1 mA
300 minatilc=1pA
Excellent Log Conformance: rge = 0.3
Low Offset Voltage Drift: 0.1 nV/°C max
Improved Direct Replacement for LM 194/394
Avalilable in Die Form

PRODUCT DESCRIPTION

T he design oftheM AT 02 seriesof N PN dualm onolithic tran—
sistors is optim ized for very low noise, low drift, and low xg .
Precision M onolithics’ exclusive Silicon N itride “T riple—
Passivation” process stabilizes the critical device param eters
over w ide ranges of tem perature and elapsed tin e. A lso, the high
currentgain (yg) oftheM AT 02 ism aintained overa w ide
range of collector current. F xceptional characteristics of the

M AT 02 inclide offset voltage of 50 W m ax (B £ grades) and
150 uwv m ax F grade. D evice perform ance is specified over the
fllm ilitary tem perature range aswellas at 25°C .

Tnput protection diodes are provided across the em itterbase
jinctions to prevent degradation of the device characteristics
due to reverse-biased em itter current. T he substrate is clam ped
to the m ost negative em iter by the parasitic isolation jinction
created by the protection diodes. T his results in com plete isola-
tion betw een the transistors.

TheM AT 02 should be used in any application where low noise
isapriority. TheM AT 02 can be used asan input stage to m ake
an am plifier w ith noise voltage of lessthan 1 .0 nv AHz at 100 H z.
0 ther applications, such as logantilog circuits, m ay use the ex—
cellent logging confom ity oftheM AT 02. T ypicalbuk resis-
tance lsony 03 Q w 0.4 Q.TheM AT 02 ekctrical charac—-
teristics approach those of an ideal transistor w hen operated over
a collector current range of 1 pA to 10 m A . For applications re—
quiring m ultple devices see M AT 04 Quad M atched T ransistor
data sheet.
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Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

PIN CONNECTION

TO-78
(H Suffix)

NOTE

Substrate is connected to case on TO-78 package. Sub-
strate is normally connected to the most negative circuit
potential, but can be floated.

ABSOLUTE MAXIMUM RATINGS'

ColkectorBase Volage BV o) v v v emem oo 40V
Collectorfm itervoltage BVega) v v v v vv v, 40V
ColkectorCollectorVoltage BVee) v vvev i i i 40V

Em itterfm itervVolage BVer) - v oo vv v ie i 40V

CollectorCurrent (Ie) .« oo v vttt it e et et et 20m A
Em itterCurrent (Ig) .. ..ot 20m A
T otalPowerD isspation
Case Temperature < 40°C2 .. ... ... ... ... .. ..., 18W
AmbintTen peratire < 70°C? ... ... ... ... 500 m W

O perating T em peratiire Range

MATO2A . -55°C to +125°C
MATOZ2E ,F .. -25°C to +85°C
O perating Junction T em perature .......... -55°C to +150°C
Storage Tam peratlire . ..ovvveveveeennnn. -65°C to +150°C
Lead T an perature (Soldering, 60 se¢c) ............. +300°C

Janction Tam peratire . ....eeeeennn... -65°C to +150°C

NOTES

'Absolute m axim um ratings apply to both D ICE and packaged devices.

“Rating applies to applications using heat sinking to control case tem perature.
D erate linearly at 16 A m W /C for case tem perature apove 40°C .

*Rating applies to applications not using a heat sinking; devices In free air onlk.
D erate linearly at 6 3 m W /C fHoram bient tem perature above 70°C .

ORDERING GUIDE

Vos max Temperature Package
M odel (Ta =+25°C) | Range Option
M ATO2AH? | 50 uwv -55°C to +125°C | TO-78
MAT02EH 50 uv -55°C to +125°C | TO-78
M ATO02FH 150 pv -55°C to +125°C | TO-78
NOTES

'Bum-in is availble on com m ercial and industrial tem perature range parts in
T O —can packages.

*For devices processed in totalcom pliance to M IL-S8T D -883, add 883 affer part
num ber. C onsul factory ©r883 data sheet.

One Technology Way, P.O. Box 9106, Norwood, M A 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 617/326-8703



MAT02-SPECIFICATIONS
ELECTRICAL CHARACTERISTICS (@ Vs = 15V, Ic = 10 A Ta= 25°C, unless otherwise noted.)

MATO2A/E MATO2F
Parameter Symbol Conditions Min Typ Max |Min Typ Max | Units
Current G ain heg L =1ma!l 500 605 400 605
I =100 pA 500 590 400 590
I =10pA 400 550 300 550
L =1pa 300 485 200 485
CurmrentG ain M atch Ahpg 10puA < T, <1mA2 05 2 05 4 %
O ffset Voltage Vos Vep=0,1MA<T, <1mA°’ 10 50 80 150 Y
O ffset Voltage AVogAVes | 0SVey SVyax 10 25 10 50 Y
C hange vs. Vep 1A <. <1mA° 10 25 10 50 Y
O ffset V oltage C hange AV AT Vep =0V 5 25 5 50 Ny
vs. C ollector C urrent 1A < <1mA’ 5 25 5 50 Y
O ffset C urrent
Change vs.V¢g Al,gAVey | 0SVeg SVyax 30 70 30 70 PA A
Bulk Resistance g 10pA < T, €10mA° 03 05 03 05 Q
C ollectorBase
Leakage C urrent Iero Ver = Vuax 25 200 25 400 PA
C ollectorC ollector
Leakage C urrent Toc Vee = Vyax'® 35 200 35 400 PA
C ollectorfm iter Vep = Vyax'®
Leakage C urrent Tes Ve = 0 35 200 35 400 PA
N oise Volage D ensity e, L. =1mA,Veg =0’
£=10Hz 16 2 1.6 3 nv AHz
£ =100Hz 09 1 0.9 2 nv AHz
£ =1kHz 085 1 085 2 nv AHz
£ =10KkHz 085 1 085 2 nv AHz
C ollector Saturation
Volage Versar) I =1mA,L=100pA 005 01 0.05 0.2 v
Tnput Bias C urrent I I =10pA 25 34 nA
Tnput O ffeet C urrent Tos I =10pA 0.6 13 nA
Breakdown V oltage BVi¢go 40 40 v
G anBandw idth Product | £ L=10mA,Veg =10V 200 200 MHz
O utput C apacitance Cor Ve =15V, =0 23 23 PF
C ollectorC ollector
C apacitance Cce Vee =0 35 35 PF
NOTES
Be urrent gain is quaranteed with C ollectorBase Voltage (Vcg) swept from 0 to Vy Ay atthe ndicated collector currents.
‘Currentgain m atch (Ahpg) isdefined as: Ahgg - w
M easured at I = 10 MA and quaranteed by design over the specified range ofI¢ .
‘Thisisthem axin um change in Vo5 asVep Ssswept from 0V to 40V .
*G uaranteed by design .
fLec and L gs are verified by m easurem entof Iogg -
"Sam ple tested .
Specifications subfct to change w ithout notice.
—2— REV. C



ELECTRICAL CHARACTERISTICS (Vs = 15V, -25°C < Ty< +85°C, unless otherwise noted.)

MAT02

MATO2E MATO2F
Parameter Symbol Conditions Min Typ Max Min Typ Max Units
0 fiset Voltage Vos Veg = 0 70 220 | uv
1A <L <1mAt
Average O ffset
Volage D rift TCVes 1I0PA ST <1mA, 0 Vep S Vyax’ 008 03 008 1 LV FC
Vos Trinmed to Zero® 003 01 003 03
Input O ffeet Current | Ing I =10pA 8 13 nA
Tnput O ffset
C urrentD rift TC g To=10un’ 40 90 40 150 pA fC
Tnput Bias C urrent Is I =10pA 45 50 nA
Current G ain he L. =1mA° 325 300
I =100 pA 275 250
I =10pA 225 200
I.=1pAa 200 150
C ollectorBase Tego Ven = Vyax 2 3 nA
Leakage C urrent
C ollectorfm itter Ters Veg = Vyax Ve = 0 3 4 nA
Leakage C urrent
C ollectorC ollector Tec Vee = Viax 3 4 nA
Leakage C urrent
ELECTRICAL CHARACTERISTICS (Vs = 15V, -55°C < Ty< +125°C, unless otherwise noted.)
M AT 02A
Parameter Symbol Conditions Min Typ Max Units
O ffset Voltage Vos Ve =0 80 Y
1uA <, <1mAl
Average O ffset
Volage D rift TCVqs 10UA €T €1mA, 0 Vep SVyay’ 0.08 03 W AC
Vos Trinmed to Zero® 0.03 01 W AC
Tnput O ffeet C urrent Tos I =10pA 9 nA
Tnput O ffset
C urrentD rift TCIhs .= 10pn" 40 90 pA fC
Tnput Bias C urrent Is I =10pAa 60 nA
Current G ain heg L. =1mA° 275
T = 100 pA 225
I =10pa 125
T =1pa 150
C ollectorBase Tego Veg = Vyax
Leakage C urrent T, = 125°C 15 nA
C ollectorfm itter Tegs Veg = Vyax/ Ve = 0
Leakage C urrent T, = 125°C 50 nA
C ollectorC ollector Tec Vee = Vuax
Leakage C urrent T, = 125°C 30 nA

NOTES

M easured at I, = 10 MA and quaranteed by design over the specified range of I .

, V,
“G uaranteed by Vo s test (TCVos = —22 for Vs <€ Vpe) T = 298°K forT , = 25°C .

T

*T he inital zero offset voltage is esablished by ad jisting the ratio of IC1 to IC2 at T », = 25°C . T his ratio m ustbe held to 0.003% over

the entire tem perature range. M easurem ents are taken at the tem perature extrem es and 25°C .

%G uaranteed by design .

°Current gain is quaranteed w ith C ollector-Base Voltage (Vo) swept from 0 to Vy »y atthe indicated collector current.

Specifications subfct to change w ithout notice.
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MAT02

WAFER TESTLUMITS (@ 25°C for Vg = 15 Vand Ig = 10 A unless otherwise noted.)

MATO2N
Parameter Symbol Conditions Limits Units
B reakdow n Voltage BV¢ro 40 Vmin
O ffset Volage Vos 10PA €T <1mAt 150 UV m ax
Input O ffeet C urrent Tos 12 nA m ax
TnputBiasC urrent Is Vep =0V 34 nA m ax
CurrentG ain heg L=1mA, V=0V 400 m in
I =10UA,Vep =0V 300
CurrentG ain M atch Ahpg 10pPA T <1ImA,Vep =0V 4 % m ax
O ffset Volage AV oAV 5 0V<SVep <40V 50 LV m ax
Changevs.V¢q 10PA €T <1mAt
O ffset Voltage C hange AV, s AL Veg =0 50 LV m ax
vs. C ollector C urrent 10PA €T <1mAt
Buk R esistance Tag 100pA £ . £10mA 05 Qm ax
C ollector Saturation Voltage Ve saT) I=1mA 02 V m ax
I =100 pA

NOTES

M easured at k = 10 MA and quaranteed by design over the specified range ofI¢ .

E lectrical tests are perform ed at wafer probe to the lim is shown . D ue to variations in assem bly m ethods and nom alyield loss, yiek after packaging is not quaranteed
for sandard product dice. C onsult factory to negotiate specificationsbased on dice ot qualification through sam ple ot assem bly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS (Ves = 15V, Ic= 10 A Ta= +25°C, unless otherwise noted.)

MATO02N

Parameter Symbol Conditions Limits Units

Average O ffset TCVss 10pa <. €£1mA 0.08 WL fC
Voltage D rift 0<Vig SVyax

Average O ffset TCIhs L = 10pa 40 pA fC
C urrentD rift

G ain-Bandw idth fr Veg=10V, L =10mA 200 MHz
Product

O ffset C urrent C hange vs. Veg AT, AV ¢y 0V €40V 70 pPA A

DICE CHARACTERISTICS

Die Size 0.061 x 0.057 inch, 3,477 sq. mils

(1.549x 1.448 mm, 224 sq. mm)

CAUTION

. COLLECTOR (1)
. BASE (1)

. EMITTER (1)

. COLLECTOR (2)
. BASE(2)

. EMITTER (2)

. SUBSTRATE

N OO R WN =

ESD (electrostatic discharge) sensitive device. E lectrostatic charges as high as 4000 V readily
accum ulate on the hum an body and test equipm ent and can discharge w ithout detection.
A lthough the M AT 02 features proprietary ESD protection circuitry, perm anent dam age m ay
occur on devices subected to high energy electrostatic discharges. T herefore, proper E SD
precautions are recom m ended to avoid perfomm ance degradation or loss of functionality .

—4—

WARNING!
ﬁvg

ESD SENSITIVE DEVICE
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Figure 18. Log Conformance Test Circuit

LOG CONFORMANCE TESTING

T he log conform ance oftheM AT 02 is tested using the circuit
shown above. T he circuit en ploysa dual transdiode logarith-
m ic converter operating at a fixed ratio of collector currents
that are sweptovera 10:1 range. T he output ofeach ttansdiode
converter is the Vg of the transistor plus an error term w hich
isthe product of the collector current and iy, the buk em iter
resistance. T he difference of the V5 is am plified at a gain of
X100 by the AM P01 instrum entation am plifier. T he differen—
tal em itterbase voltage (AVgg) consists of a tem peratre—
dependentdc kvelplisan ac error volage which is the devia—
tion from true log confom iy as the collector currents vary .

T he output of the transdiode logarithm ic converter com es
from the idealized Intrinsic transistor equation (for silicon) :

kT |, I¢
Vge = _Inl_ where 1)
q s
K = Boltzm ann’sC onstant (1 38062 X 1072% JPK )
g= UnicElectron Charge (1.60219x 107° °C)
T = Absolite T em perature, °K (= °C + 273 2)
s = Extrapolated C urrent forV g, —0
¢ = C ollector C urrent

REV.C

An errorterm m ustbe added to thisequation to allow for the
bulk resistance () ofthe transistor. E rror due to the op am p
nput current is lin ited by use ofthe OP15 BIFET ~inputop
am p.The resulting AM P01 nputis:

KT | I
AVge = _l”,_+ It reer —lc2 raez @)
q C2
A ram p function which sveeps from 1V to 10 V is converted by
the op am psto a collector current ram p through each transistor.
Because I-; ism ade equalto 10 I.,, and assum ing T, = 25°C,
the previous equation becom es:

AVBE= 59 mV + 0.9/01 Ise (ArBE "’0)

Asviewed on an oscillbscope, the change n AV fora 10:1
change in I isthen digplayed as shown below :

Vout
5.9V

| COLLECTOR CURRENT |
TmA 10mA




MAT02

W ith the oscilloscope ac coupled, the tem perature dependent
term becom esa dc offset and the trace represents the deviation
from true log confom ity. T he buk resistance can be calculated
from the voltage deviation AV, and the change in collector cur-
rent (9mA):

AVo 1

= _X_
BE= 9mA” 100 3)

T his procedure finds 1 for Side A . Sw itching R, and R, will
provide the rge for Side B . D ifferential rge is found by m aking
R, =R,.

APPLICATIONS: NONLINEAR FUNCTIONS
MULTIPLIER/DIVIDER CIRCUIT

T he excellent log confom ity of theM AT 02 overa very w ide
range of collector currentm akes it ideal for use in og-antilog
circuits. Such nonlinear functions asm ultplying, dividing,
squaring, and square-rooting are accurately and easily in ple—
m ented w ith a log-antilog circuit usihgtwo M AT 02 pairs (see
Figure 19). T he transistor circu it accepts three put currents
(L, I, and ) and provides an output current I, according to
I, = LL/L.Allurcurrentsm ust be positive in the log-antilog
circuit, but negative input voltages can be easily accom m odated

by various offsetting technigues. P rotective diodes across each
base—to-em iter finction would nom ally be needed, but these
diodes are built into theM AT 02 . E xtemal protection diodesare
therefore not needed .

Forthe circuit shown I Figure 19, the operational am plifiers
make; =Vy R, L=V, R,, L=V, R;5,and I, = Vo Ry .The
output voltage for this one-quadrant, log-antilog m ultiplierdi-
vider is ideally:

_ RRoVxVy
- RR V;
Ifall the resistors (R, , A1, R,, R;) are m ade equal, then Vp =

VyVyN 5. Resistor valnes of 50 kQ to 100 kQ are recom m ended
assum ing an mputrangeof 0.1V to +10V .

Vo (Vx, Vy, Vz>0) 4)

ERROR ANALYSIS
T he base<to-em itter voltage of the M AT 02 in its forw ard active
operation is:

kT | Ic

Vee= — In= + rgelc, Veg ~0 ©)

q s
T he first term com es from the idealized intrinsic transistor
equation previously discussed (see equation (1)).

[
R3 0
vz O MW L
Iy — -— 3
[
Ry 0 o Qg
11l 1A K . :‘_:I b
Vy O——AMW 1F MAT-02
3.3k T - —
3.3k
—AAA
Ro
AN
R2
vy O ANV
—OVO

Vy. Vy. Vz >0

_R3Rg VxVy
Vo Rk, Vg

Figure 19. One-Quadrant Multiplier/Divider
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v, 0

Figure 20. Compensation of Bulk Resistance Error

E xtrinsic resistive term s and the early effect cause departure
from the ideal logarithm ic relationship . Foran allVeg, allof
these effects can be lum ped together as a total effective bulk re—
sistance 1y . T he 1y I term causes departure from the desired
Jogarithm ic relationship. T he rpy term fortheM AT 02 is Jess
than 0.5 Q and Ary betw een the two sides is negligible.

Retuming to them ultplierdivider circuit of F igure 1 and using
Equation ():

Veeia + Vaeoa = Voess Ve + (11 + lo—lo—15) rge = 0

Ifthe transistor pairs are held to the sam e tam perature, then:

kTI 11, kTI Isialsoa

q ILilo g
Ifall the term son the right-hand side were zero, then we would
have In (I, 1,45 1) equalto zero which would kad directly to
the desired result:

15151325+(I1+I2_I0_I3) I'se (6)

L1,

Io=}_3

,where IlIIZI JIIO >0 (7)

N ote that this relationship is tem perature ndependent. T he
right-hand side of E quation (6) isnear zero and the output cur-
rent /o willbe approxim ately I, I, /5. T o estin ate error, define @
as the right-hand side term s of . quation (6):

IS‘LAISZA

In
C= M Isslss k

T (lh+,=lo=1) rge 8)

FortheM AT 02, In (Iga /lsp) and I s are very an all. For an all
@,€" ~1 + @ and therebre:

L1,
T.lo

=1+tg

Io~ i 1 -2)

l5
The In (Isa /Isp) tem s In @ cause a fixed gain error of kess than
+0.6% from each pairwhen ushgtheM AT 02, and this gain
error iseasily trin m ed out by varying R, . T he I iz term s are
m ore troublesom e because they vary w ith signal levels and
are m ultiplied by absolute tem perature. At 25°C , kT A is

REV.C

approxim ately 26 m V and the errordue to an i1 term willbe
Ll 26 mV .U shgan pz 0of 0.4 Q fortheM AT 02 and assum —
Ing a collector current range ofup to 200 YA , then a peak error
of0.3% could be expected foran pyl. erortem when using
theM AT 02. T otal error is dependent on the gpecific app lication
configuration (m ultply, divide, square, etc.) and the required
dynam ic range. An obviousway to reduce I iz error is to re—
duce them axin um collector current, but then op am p offsets
and leakage currents becom e a lin iting factor at low input lev-
els. A design range ofno greater than 10 JA to 1 m A isgenerally
recom m ended form ost nonlinear function circuits.

A pow erfiil technique for reducing errordue to I 1y is shown in
Figure 20.A an allvolage equalto I iy is applied to the tran-
gistor base. For this circuit:

I'se

Rc
VB— V1 andlchE_ E V1 (10)

R,
T he error from rgel¢ is cancelled if Rp /R, ism ade equalto rge/
R, .since theM AT 02 buk resistance is approxin ately 0.39 Q,
an Rc 0of3.9Q and R, of10 R, willgive good error cancellation .

Tn m ore com plex circuits, such as the circuit n Figure 19, it

m ay be inconvenient to apply a com pensation voltage to each
individualbase. A better approach isto sum all com pensation to
the basesofQ 1. The “A” side needs abase voltage of Vo Ry +
V;R3) iy and the "B side needs a base voltage of Vi R+V/
R,) g . Linearity ofbetter than £0.1% is readily achievable w ith
this com pensation technique.

O perational am plifier offsets are another source of error. In F ig—
ure 20, the input offset voltage and inputbias current w ill cause
an error in collector currentof VosR1) + . A low offsetop

am p, such asthe OP07 with lessthan 75 UV ofVys and Iy of
Jessthan £3 nA, is recomm ended. The 0P 220 P32, a program —
m able m icropow erop am p, should be considered if ow power
consum ption or single-supply operation isneeded. T he value of
frequency-com pensating capacior (C, ) isdependent on the op
am p frequency regponse and peak collector current. T ypical val-
ues forC, range from 30 pF to 300 pF .

FOUR-QUADRANT MULTIPLIER

A sim plified schem atic for a fourquadrant logantilog m ultiplier
is shown In Figure 21 . Asw ith the previously discussed one-
quadrantm ultiplier, the circuitm akes I, = ; L/I;. The two
nput currents, I; and T, are each offset in the positive direction .
T his positive offset is then subtracted out at the output stage.

A ssum g dealop am ps, the currents are:

[ = Vx VRI Vy VR
“RR'""R'R
11)
o= Vx VY VR Vo,_ﬁ
R1 R1 R R’ R
From Io= 1 I,/5, the output volage w illbe:
RoR, VxVy
VO:?V—R 12)
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C olkctorcurrent range is the key design decision. T he nher-
ently ow 1z oftheM AT 02 allow s the use of a relatively high
collector current. F or input scaling of£10 V fullscale and us-
inga 10V reference, we have a collectorcurrent range for

and I, of:
10+£]<, < 1_0+£]
R R) °\RR =2

Practical values forR; and R, woul range from 50 kQ to

100 kQ . C hoosing an R; of82 kQ and R, of 62 kQ providesa
collectorcurrent range of approxin ately 39 UA to 283 JA .An
R, 0f108 kQ w illthen m ake the output scalke factor 110 and
Vo = VxV,/10.The output, asw ellasboth Inputs, are scaled
fort10 v full scale.

Linear error for this circuit is substantially in proved by the
an all correction volage applied to the base ofQ 1 asshown in
Figure 21 .Assum ing an equalbulk em itter resistance for each
M AT 02 transistor, then the error isnulkd if:

(I1+ I2—I3—IO) rBE+PVO= 0

T he currents are known from the previous discussion, and the
relationshp needed is sin ply:

.
% Vo a4)

Vo =
T he output volage is attenuated by a factor of g R and ap-—
plied to the base 0fQ 1 to cancel the sum m ation ofvoltage
dropsdue to gl tem 8. Thiswillm ake In (I, L/I; 1) m ore
nearly zero which willtherebym ake I, = T L,/I; am ore accu—
rate relationship . L inearity of better than 0.1% is readily achiev-
able with this circuit if the M AT 02 pairs are carefiilly kept at
the sam e tam perature.

REF-01

MULTIFUNCTION CONVERTER

T he m ultifuinction converter circuit provides an accurate m eans
of squaring, square rooting, and of raising ratios to arbitrary
powers. T he excellent log conform ity oftheM AT 02 albwsa

w ide range ofexponents. T he general transfer function is:

V m
Vo= Vy (v_j] 15)

Vy,Vy,and V,; are nputvoltages and the exponent “'m ” has a

practical range of approxim ately 0 2 to 5. InputsVy and Vy are
often taken from a fixed reference voltage. W ith aREF 01 pro—

viding a precision +10 V to both Vy and Vv, the transfer func-

tion would sin plify to:

ﬁ m
Vo= 10|12 (16)

A sw ith the m ultiplierdivider circuits, assum e that the transistor
pairs have excellentm atching and are at the sam e tem perature.
The In Ig /Igp willthen be zero. In the circuit of F gure 22, the
voltage drops across the base-em itter jinctions of Q 1 provide:

Rs KT, Iy
For KR, A~ 9 "1, an
178 VR, and Iy is Vy/R, . Sin ilarly, the relationship forQ 2 is:

___ Ry, K10

Re+(1-K)Rs @ 1 (18)
lo s Vo/Rp and Iy is Vy/R, . T hese equations orQ 1 and Q 2 can
then be com bined.

RB+KRA IZ IO
Rg+(1-K)Ra Ix Iy

+15V

Rg- 108ks2
Ry-82K52 "
Ry =622 Ry
—— At
R, =
v A >
X0 \ 30k02
Aq AV
Vy O

3.0k2

1.1MQ

Figure 21. Four-Quadrant Multiplier
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Substituting in the voltage relationships and sin plifying leads
to:

V m
Vo = %VY [V—ij , where

20)

RB+KRA
M= Rg+(1-K)Ra

T he factor "K' is a potentiom eterposition and varies from zero
10,50 "m” ranges from Rg/(Rs + Rg) to (Rg + R4) As.
Practical valuesare 125 Q for Ag and 500 Q for Ry; these val-
uesw ill provide an ad jistm ent range of 0 2 to 5.0 . A value of
100 kQ is recom m ended for the R; resistors assum Ing a filll-
scake input range of 10 V . A sw ith the one-quadrantm ultiplier/
divider circuit previously discussed, the Vy, Vy, and V; nputs
m ust allbe positive.

T he op am ps should have the low est possible input offsets. T he
O P07 is recom m ended form ost app lications, although such
program m able m icropow er op am psasthe OP22 or O P32 offer
advantages In low “pow er or single-supply circuits. Them icro—
pow erop am ps also have very ow inputbiascurrentdrift, an

in portant advantage in log/antilog circuits. E xtemal offset null-
ing m ay be needed, particularly for applications requiring a

w ide dynam ic range. F requency com pensating capacitors, on
the orderof50 pF, m ay be required forA, and A ;. Am plifier
A, is lkely to need a larger capacitor, typically 0.0047 uF, to as-
sure stability .

A ccuracy I8 lin ited at the higher input levels by buk an iter re-
sistance, butthis ism uch ower fortheM AT 02 than for other
transistor pairs. A ccuracy at the low er signal kevels prin arily de—
pendson the op am p offsets. A ccuracies of betterthan 1% are
readily achievable w ith this circuit configuration and can be bet—
terthan £0.1% overa lin ied operating range.

FAST LOGARITHMIC AMPLIFIER

T he circuit of F igure 23 isa m odification ofa standard logarith-
m ic am plifier configuration . Running theM AT 02 at2 .5m A per
side (fullscale) allow s a fast response w ith w ide dynam ic range.
T he circuit hasa 7 decade current range, a 5 decade voltage
range, and iscapable of 2.5 s settlingtine to 1% withalV to
10V step.

T he output ©ollow s the equation :

_RARKT, Veer
°T R g Vi

21)

T he output is Inverted w ith respect to the nput, and isnom i~
nally -1 V decade using the com ponent values indicated .

LOW-NOISE x1000 AMPLIFIER

TheM AT 02 noise voltage is exceptionally low , only 1 nv AHz
at10 H zwhen operated over a collectorcurrent range of 1 m A
4 mA.A sihgl-ended X1000 am plifier that takes advantage of
this ow M AT 02 noise kevel is shown In F igure 24 . In addition

o low noise, the am plifier has very low driftand high CM RR .
An OP32 program m able low -powerop am p isused for the sec—
ond gtage to obtain good speed w ith m inin al pow er consum p—
thon . Sm allsignalbandw idth is1 M H z, slew rate is2 4 V [Is,
and total supply current is approxin ately 2.8 m A .

Co Rg
1 Rg + KRy MW
Ry M=Rg +11-KIR
Vx O—AAA \ N
O Vo
Rg (vz )"‘
VO R_1 Vy Vx
R=100k2
Ro~100k2
Rq Co~0.0047,:F
Vz 0— MW
= Rg=1250 A
Ry
Vy O—AM

Figure 22. Multifunction Converter
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TransistorsQ 2 and Q 3 ©om a2 m A currentsource (0.65V/
330 Q2 ~2mA).Each collectorofQ 1 operatesat 1 m A . The
OP32 inputsare 3V bebw the positive supply voltage Ry I
~3V).TheO0P32’slow hputoffset current, typically less than
1 nA,and low offsetvoltage of 1 m V cause negligible error
when referred to the am plifier input. Input stage gain isg, Ry,
which isapproxin ately 100 when operating at . of 1 m A w ith
Ry of 3 kQ.Shce the OP32 hasam Inin um open—-lop gain of
500,000, total open-bop gain for the com posite am plifier is
over 50 m illion . Even at closed-loop gain of 1000, the gah er-
rordue to finite open-lop gain w illbe negliglble. The OP 32
features excellent sym m etry of skw ate and very linear gain .
Signaldistortion ism inin al.

F requency com pensation is very easy w ith this circuit; jist vary
the setresistor R for the desired frequency regponse.

G ainbandw idth ofthe O P 32 varies directly w ith the supply

+15v

100k $2

Vin
(0 10 10v)

3
S0
7.5k2

330pF
L Ry

A1
10V 4k
50042
O—AAA—
Ry
RZ = TEL LABS Q81E (+0.35%/ C)
- 15V
Figure 23. Fast Logarithmic Amplifier
15V O 4 GFFSET ADY.
(OPTIONAL)
R
RL 3 1000 L
3k 3k Vp=1000V
2 7
6
0P-32G Vo
3
2 LPs
549k(2 20k$2
—————— b
Vin
_______ 200
02,03:2N2222A
=15V O L g _

J) +15V

Figure 24. Low-Noise, Single-Ended X1000 Amplifier

current. A set resistor of 549 kQ w as found to provide the best
step response forthis circuit. T he resultant supply current is
found from :

(V) (V) (2Vee)

7 sy =151ger 22)
SET

RSET =

The Igzp, usihhgZ 15V supplies and an Rggy 0£549 kQ, is ap-
proxin ately 52 pA which will result in supply current o£784 pA .

D ynam ic range ofthis am plifier is excellent; the O P32 hasan
outputvoltage sw ingof 14V wih at15V supply.

Tnput characteristics are outstanding. The M AT 02F has offset
voltage of lessthan 150 UV at 25°C and am axin um offset drift
of 1 WV £C . N ulling the offset w ill further reduce offset drift.

T his can be accom plished by slightly unbalancing the collector
Joad resistors. T his ad jistm ent w ill reduce the drift to less than
01w /rc.

Tnputbias current is relatively low due to the high current gain
oftheM AT 02.Them ninum B of400 at1 mA forthe

M ATO2F inpliesan hputbias current of approxin ately 2.5 PA .
T his circuit should be used w ith signals having relatively low
source in pedance. A high source im pedance w ill degrade offset
and noise performm ance.

T his circu it con figuration provides exceptionally low inputnoise
voltage and low drift. N oise can be reduced even further by rais-
ing the collectorcurrents from 1 m A to 3m A, but pow er con—
sum ption is then ncreased.

OUTLINE DIMENSION

D in ensions shown in inchesand (mm ).

6-Lead Metal Can
(TO-78)

REFERENCE PLANE

ro.750 (19.05)
* 2.70

0.185 (4.70)| 0-500(12.70)

0.165 (4.19) 0.250 (B35)MIN ¢ 100 (2 5 BSC

-
4—-‘~ 0. osr (1.27) |inAx

0.160 (4.06)

T TJ: 1 0.110 (2.79)
e~ o~ oy,
3|2 bR ) f|f/ Q5 \0.045 (1.14)
e(e S| l l 0.200 0.027 (0.69)
ole oo = G®(;30 %;6
518 318 | | Bsc
cle olo | e— | "ﬁ 2\)\ /
l 1 ] .
™ 1
l 0.019 (0.48) ?215040) \(
0.040 (1.02) MAX —»] [« 0.016 (0.41) BSC 0.034 (0.86) 86)
T 0.021(0.53) 0.027 (0.69)
0.045 (1.14) 0.016 (0.41)
0.010 (0.25) 45° BSC
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