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Matched Monolithic
Quad Transistor

MAT04

FEATURES

Low Offset Voltage: 200 pV max

High Current Gain: 400 min

Excellent Current Gain Match: 2% max -
Low Noise Voltage at 100 Hz, 1 mA: 2.5 nV/\Hz max
Excellent Log Conformance: rBE = 0.6 (2 max
Matching Guaranteed for All Transistors

Available in Die Form

PRODUCT DESCRIPTION

TheM AT 04 isa quad m onolithic N PN transistor that offers ex—
cellent param etric m atching for precision am plifier and nonlin—
ear circuit app lications. Perform ance characteristics of the

M AT 04 include high gain (400 m inin um ) over a w ide range of
collector current, low noise 2 .5nvV /‘/m maxinum at100 H z,
I = 1 mA) and excellent logarithm ic conform ance. T he

M AT 04 also features a low offset voltage o£ 200 UV and tight
current gain m atching, to w thin 2% .Each transistor of the

M AT 04 is ndividually tested to data sheet specifications. F or
m atching param eters (offset voltage, input offset current, and
gain m atch), each of the dual transistor com binations are
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PIN CONNECTIONS

14-Lead Cerdip (Y Suffix)
14-Lead Plastic DIP (P Suffix)
14-Lead SO (S Suffix)
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E, [5] [10] E,
ey it
c, [7] 8] c,

verified to m eet stated lim is. D evice perform ance is quaranteed
at 25°C and owver the industrial and m ilitary tem perature ranges.

T he bong~tem stability ofm atching param eters is guaranteed by
the protection diodes across the base-an itter jinction of each
transistor. T hese diodes prevent degradation of beta and m atch-
Ing characteristics due t reverse bias base-em itter current.

T he superior ogarithm ic confom ance and accurate m atching
characteristics of the M AT 04 m akes itan excellent choice for
use In Jog and antilbg circuits. The M AT 04 isan ideal choice in
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E.ECTH CN. CHARPCTERl STI CS (@ Ta= +25°C unless otherwise noted. Each transistor is individually tested. For matching

parameters (Vos, los, Aheg) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless otherwise noted.)

MATO4A/E MATO04F
Parameter Symbol Conditions Min Typ Max | Min Typ Max | Units
Current G ain hpg I0PA <L <1mA
0V <Vep<30V?E 400 800 300 600
CurrentG ain M atch Ahpg I. = 100 pA
0V <Vep<30V2 05 2 1 4 %
O ffset Voltage Vos I0PA <L <1mA
0V<V.,<30V°® 50 200 100 400 | pv
O ffset Voltage C hange vs. AV, AL I0pPA <L <1mA
C ollector C urrent Veg = 0V? 5 25 10 50 Y
O fiset Voltage C hange vs. Vg AVosMAVep | 1I0PA ST £1mA
0V<Ve,<30V° 50 100 100 200 | uv
Bulk Em iter R esistance e I0PA <L <1mA
Veg = 0V* 04 06 0.4 06 |Q
TnputBias C urrent T I =100 pa
OV EVg<30V 125 250 165 330 nA
Tnput O ffset C urrent Tos I =100 UA; Vg =0V 0.6 5 2 13 nA
Breakdown Volage BV¢ro I =10pA 40 40 v
C ollector Saturation Volage VeE aT) =100pA; T, = 1mA 003 006 003 006 |V
C ollectorBase Leakage C urrent| IL.gq Vep =40V 5 5 PA
N oise Voltage D ensity e, Veg=0V,; 5 =10Hz 2 3 2 4 nv AHz
L. -1mA;f = 100Hz 18 25 18 3 nv AHz
£ =1kHZ 18 25 18 3 nv AHz
G ain Bandw idth Product fr L=1mA;Vcg=10V 300 300 MHz
O utput C apacitance Coro Vep=15V,; =0
f=1MHz 10 10 PF
Tnput C apaciance Cego Verp=0V; L. =0
f=1MHz 40 40 PF
NOTES
ICurrent gain m easured at T, = 10 A, 100 pA and Tm A .
“Current gain m atch is defined as: Ahge = w
M easured at T = 10 MA and guaranteed by design of/erthe specified range of I¢ .
4G uaranteed by design .
*Sam ple tesed .
Specifications subct to change w thout notice.
—o_ REV. C



MAT04
E—ETH CN. G'IMEH STI CS (at —25°C < Tp< +85°C for MATOAE, —40°C < T, < + 85°C for MATO4F, unless

otherwise noted. Each transistor is individually tested. For matching parameters (Vig, 1os) €ach dual transistor combination is
verified to meet stated limits. Al tests made at endpoints unless otherwise noted.)

MATO04E MATO4F
Parameter Symbol Conditions Min Typ Max Min Typ Max | Units
Current G ain heg 10 A <L <1mA
0V <Vep<30V? 225 625 200 500
O ffeet Voltage Vos 10 A <L <1mA
0V <Vep<30V2 60 260 120 520 Y
Average O ffset TCVas I =100 pA
Volage D rift Vep = 0V? 02 1 04 2 L PC
TnputBiasC urrent I I =100 pa
OV<SVp<30V 160 445 200 500 nA
Input O ffset C urrent Tos I =100 pA
Veg =0V 4 20 8 40 nA
Average O ffset TC Ing I =100 pA
C urrentD rift Veg =0V 50 100 pA fC
B reakdown Voltage BV¢go I =10pA 40 40 v
ColkectorBase Tero Vep =40V
Leakage C urrent 05 05 nA
C olkectorfm iter Tegs Vep =40V
Leakage C urrent 5 5 nA
C olkector-Substrate Tos Vesg= 40V
Leakage C urrent 0.7 0.7 nA

E.ECTH CN. G'IMIEH STI CS (at -55°C < Ty< +125°C unless otherwise noted. Each transistor is individually tested.

For matching parameters (Ves, | os) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless
otherwise noted.)

MATO04A
Parameter Symbol Conditions Min Typ Max Units
Current G ain hpg 10 A <L <1mA
0V <Vep <30V 175 475
O ffeet Voltage Vos 10 A <L <1mA
0V <Vep <30V? 70 300 Y
Average O ffset TCVqg I =100 pA
Volage D rift Veg = 0V? 02 1 W AC
TnputBias C urrent IS I =100 pa
OV <<V <30V 210 570 nA
InputO ffeet C urrent Tos I =100 pA
Veg =0V 6 30 nA
Average O ffset TCIhg I =100 pA
CurrentD rift Ve =0V 50 pA fC
B reakdown Volage BV¢ro I =10pA 40 v
C olkectorBase Tego Veg =40V
Leakage C urrent 5 nA
C olkectorEm itter Lgs Veg =40V
Leakage C urrent 100 nA
C ollector-Substrate Tes Veg= 40V
Leakage C urrent 7 nA
NOTES

ICurrent gain m easured at I, =10 pA, 100 pA and T mA .

‘M easured at I =10 MA and guaranteed by design over the specified range ofI¢ .

3G uaranteed by Vg test (T C Vg S Vog/T BorVyg <€ Vi) where T = 298K for
Ta=25°C.

Specifications subgct to change w tthout notice.
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MATO4

ABSOLUTE MAXIMUM RATINGS'
CollectorBase Volage BVipo)
C ollectorfm itter Voltage BV cgo)
C ollector-C olkector Voltage BVcc)
Em itterfm itter Voltage BVgg)
C ollector C urrent
Em iter C urrent
Substrate Pin4 to Pin-11) C urrent
O perating T em peratiire R ange
M ATO4AY
M ATO04EY
M ATO4FY ,FP,FS
Storage T em perature
Y Package
P Package
Lead T em perature (Soldering, 60 sec)

-55°C to +125°C
-25°C to +85°C

Package Type 002 0 Units
141 ead Cerdip 108 16 ‘cmH
14-Lead PlasticD P 83 39 °ccm
14-1L,ead SO 120 36 ‘cmH
NOTES

'Absolutem axin um ratings apply to both D ICE and packaged parts, unless oth—

erw ise noted.

*fp Is specified forw orst case m ounting conditions, ie., 85 is specified forde—

....... —-40°C to +85°C

—65°C to +150°C
—65°C to +125°C
+300°C

ORDERING GUIDE

vice In socket for cerdip and P-D TP packages; 84 is specified ®ordevice sol-
dered to printed circuit board for SO package.

Ta=+25°C Temperature Package Package
M odel Vos max Range Description Option
MATO04AY 200 pv -55°C to +125°C Cerdip 0-14
M AT 04EY 200 pv —-25°C to +85°C Cerdip 0-14
M AT 04F'Y 400 pv —-40°C to +85°C Cerdip 0-14
M AT 04FP 400 pv —-40°C to +85°C P-D IP-14 N -14
M AT 04Fg? 400 uv -40°C to +85°C 14-Lead SO SO -14
NOTES

!Bum=-in is available on com m ercial and industrial tem perature range parts in cerdip, plasticD TP, and T O -

can packages.

“‘Foravailability and burm=in inform ation on SO and PLC C packages, contact your ocal sales office.

330 = Smallo

CAUTION

utline.

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 04 features proprietary ESD protection circuitry, perm anent dam age m ay
occur on devices subgcted to high energy electrostatic discharges. T herefore, proper E SD
precautions are recom m ended to avoid perfomm ance degradation or loss of functionality .

WARNING!
Wv@

ESD SENSITIVE DEVICE
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MATO4

WN: ER TEST IJ MITS (at Ty= +25°C unless otherwise noted. Each transistor is individually tested. For matching parameters
(Vo los ANep) each dual transistor combination is verified to meet stated limits. Al tests made at endpoints unless otherwise noted)

MATO4N

Parameter Symbol Conditions Limits Units
Current G ain heg I =100 pA

OV<ESVpg<30V 300 LV m In
CurrentG ain M atch Ahpy I. = 100pA , Ve =0V 4 % max
O ffeet Voltage Vos 10 A <L <1mA

0V <Vep <30V 400 UV m ax
O ffaet Voltage C hange AV /AT 10pA <. <1mA

vs. C ollector C urrent 0V <Vep <30V? 50 WV m ax
O ffset Voltage AVasAVey 10pA <L <1mA
Change vs.V g 0V Vs <30V 200 WV m ax

Buk Em iter Resistance L 10 A <L <1mA

Veg = 0V?2 0.6 Qm ax
C ollector Saturation Volage Ver sar) Iz =100 pA

e=1mA 0.06 V m ax
TnputBias C urrent Is I =100 pA

OVESV <30V 330 nA m ax
InputO ffeet C urrent Tos I =100 pA

Veg =0V 13 nA m ax
B reakdown Volage BVcro I =10pAa 40 Vmin
NOTES

!Currentgain m easured at T, =10 pA, 100 pA and 1m A .
G uamnteed by Vo g test (TCVog S Voo/T Brvgg €Vyg) where T = 298%K HrT, = 25°C .

E lectrical tests are perform ed atw afer probe to the lin its shown.D ue to variations in assem bly m ethods and nom alyield loss, yiek after packaging is not quaranteed
for standard product dice. C onsult factory to negotiate specifications based on dice lot qualification through sam ple ot assem bly and testing.

DICE CHARACTERISTICS

Q1 COLLECTOR
Q1 BASE

Q1 EMITTER
SUBSTRATE

Q2 EMITTER

Q2 BASE

Q2 COLLECTOR
Q3 COLLECTOR
9. Q3BASE

10. Q3 EMITTER

11. SUBSTRATE

12. Q4 EMITTER

13. Q4 BASE

14. Q4 COLLECTOR

NSO R WN =

Die Size 0.060 x 0.060 Inch, 3600 Sq. Mils
(1.62x1.52mm, 2.31 sq. mm)
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MAT04-Typical Characteristics

CURRENT GAIN (hrg)
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Figure 4. Base-Emitter-On-Voltage
vs. Collector Current
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Figure 7. Saturation Voltage vs.
Collector Current
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Figure 2. Current Gain
vs. Temperature
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Figure 9. Noise Voltage Density
vs. Collector Current
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MATO4
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APPLICATION NOTES

Tt is recom m ended that one of the substrate pins Pins4 and 11)
be tied to the m ost negative circuit potential to m inin ize cou-
pling betw een devices. Pins 4 and 11 are intemally connected .

APPLICATIONS

CURRENT SOURCES

TheM AT 04 can be used to in plem enta variety ofhigh in ped-
ance currentm irrorsas shown In Figures13,14,and 15. T hese
currentm irrors can be used asbiasing elem ents and load de-
vices for am plifier stages.

IRer Y lour = Irer

s I S
o
!

Figure 13. Unity Gain Current Mirror, loyt = Iner

T he uniy-gain currentm imor of Figure 13, usingaM AT 04AY,
has an accuracy ofbetterthan 1% and an output in pedance of
over 100 M £ at 100 pA . Figures 14 and 15 show m odified cur-
rentm irrors designed for a current gain of two, and one-half re—
gectively. T he accuracy of these m irrors is reduced from that
ofthe uniy-gain source due to base current errors but is still
better than 2% .

REV.C

COLLECTOR-TO-BASE VOLTAGE (VOLTS)

Figure 11. Collector-to-Base
Capacitance vs. Collector-to-
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Figure 12. Collector-to-Substrate
Capacitance vs. Collector-to-
Substrate Voltage
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Figure 14. Current Mirror, loyt = 2(lger)
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Figure 15. Current Mirror, loyr = 1/2(Iper)

Figure 16 isa tem peratire independent current sink that has an
accuracy ofbetter than 1% over them ilitary tem perature range
atan output current of 100 A © 1 m A . T he Schottky diode
actsasa clam p to ensure correct circuit start-up atpoweron.
T he resistors used in this circuit should be 1% m etal-film type.




MATO4
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Figure 16. Temperature Independent Current Sink, loyr = 10 V/RQ

NONLINEAR FUNCTIONS
An application where precision m atched-tran sistors are a pow er-
filtool is In the generation of nonlinear fiinctions. T hese circu its
are based on the transistor’s logarithm ic property which takes
the follow Ing dealized form :
kT | I¢

q g
TheM AT 04, wih itsexcellent logarithm ic conform ance, m ain—
tains this idealized function overm any decades of collector cur-
rent. T his, In addition to the stringent param etric m atching of
theM AT 04, enables the in plem entation of extrem ely accurate
Jog/antilog circuits.

VBE =

T he circuit of F igure 17 isa vector sum m er that adds and sub-
tracts logged Inputs to generate the follow Ing transfer function :

VA2+ VB,’Z

1
Vour- %

T hiscircuitusestwo M AT 04AY sand m aintains an accuracy of
better than 0.5% overan inputrangeofl0mV to 10 V.The
layoutoftheM AT 04s reduces errors due to m atching and tem -
perature differences betw een the tw o precision quad

m atched-ransistors.

Op am psAl and A2 transhte the nput voltages into logarith-
m ic valued currents (I, and I in Figure 17) that flow through
transistor Q 3 and Q 5. T hese currents are sum m ed by transistor

Q4 (p=1la+ 1= \/If + I:z ), which feeds the currentto-volage
converter consisting ofop am p A3. T o m aintain accuracy, 1%
m etalHilm resistors should be used.
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MATO4
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Figure 17. Vector Summer

LOW NOISE, HIGH SPEED INSTRUMENTATION
AMPLIFIER

T he circuit of F igure 18 isa very low noise, high speed am pli-
fier, ideal for use In precision transducer and professional audio
app lications. T he perform ance of the am plifier is sum m arized n
Tablk I.Figure 19 show s the Input referred spotnoise over the
0-25 ki z bandw idth o be fatat1 2 nv AHz. Figure 20 high—
lightsthe Jow 1/fnoise comerat?2 H z.

T he circuit uses a high gpeed op am p, the OP 17, preceded by

an Input am plifier. T his consists of a precision dualm atched-
transistor, theM AT 02, and a feedback V <01 converter, the

M AT 04.T he arrangem entoftheM AT 04 isknown asa “linear-
ized crossquad” which perform s the voltage-to-current conversion .
The OP17 acts as an overall nulling am plifier to com plte the
feedback loop.ResistorsR1,R2,and R3,R4 form voltage divid-
ers that attenuate the output voltage sw ing since the “cross
quad” arrangem ent has a lin ited nput range. B iasing for the in-
put stage is set by Zenerdiode 721 . At low currents the effective
zener volage isabout 3 3 V due to the soft knee characteristic of
the Zenerdiode. T his results In a bias current of 530 YA per
side for the input stage. T he gain ofthis am plifierw ith the val-
ues shown In F igure 18 is:

Vour 33000
Vin Ag

REV.C

Tablel. Instrumentation Amplifier Characteristics

InputN oise G = 1000 1.2 nv AHz
Volage D ensity G =100 3.6 nVﬁ/EZ

G =10 30 nv AHz
B andw idth G =500 400 kH z

G =100 IMHz

G =10 12MHz
Slw Rate 40 V fus
Common-M ode Regction [ G = 1000 130 dB
D istortion G =100

f=20Hzt20kH z | 0.03%
SettlingT in e G =1000 10 us
Power C onsum ption 350mwW
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Figure 18. Low Noise, High Speed Instrumentation Amplifier
:I‘anEl:!AEH(z:E[D) “II'E)RIIJ'ES'IE AXIS = 2.6nV/\/ Hz /DIVISION HORIZONTAL AXIS = 0 TO SHz
HORIZONTAL AXIS = 0 TO 25kHz.
Figure 19. Spot Noise of the Instrumentation Amplifier Figure 20. Low Frequency Noise Spectrum Showing Low

from 0-25 kHz at a Gain of 1000 2 Hz Noise Corner. Gain = 1000
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MATO4
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Figure 21. Voltage-Controlled Attenuator

VOLTAGE-CONTROLLED ATTENUATOR

T he voltage—controlled attenuator (VC A) of F gure 21, w idely
used in professionalaudio circles, can easily be in plem ented us-
ngaM AT 04.T he excellentm atching characteristics of the

M AT 04 enablsthe VC A to have a distortion levelofunder
0.03% overaw ide range of controlvolages. The VC A acceptsa
3V RM S mputand easily handles the full20 H z20 kH z audio
bandw idth as shown in Figure 22.N oise kvel forthe VCA i

m ore than 110 dB below m axin um output.

n the voltage-controlled attenuator, the input signalm odulates
the stage current of each differential pair. Op am psA2 and A3

In con jinction w ith transistorsQ 5 and Q 6 form voltage—
to-current converters that transform a single hput voltage nto
differential currentswhich form the stage currents of each differ-
ential pair. T he control voltage shifts the current betw een each
side of the tw o differential pairs, requlating the signal kevel
reaching the output stage which consistsofopamp A1.F gure
23 show s the ncrease n signal attenuation as the control voltage
becom esm ore negative.

REV.C

T he ideal transfer function for the voltage-controlled at—
tenuator is:

2

14 oxe [(VcONTHOL )[leiifuj {k‘;]]

W here k = Boltzn an constant 1 38 X 102°JPK
T = tom perature n °K
g = ekctronic charge = 1 .602 X% 107°C

VOUT/VIN =

From the transfer function it can be seen that the m axi-
mum gain ofthe circuitis2 (6 dB).

T o ensure best perform ance, resistors R2 through R 7
should be 1% metalfim resistors. Since capacitorC 2 can
see an allam ounts of reverse biasw hen the controlvoltage
ispositive, itm ay be prudent to use a nonpolarized tanta-
Jum capacitor.
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MATO4
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Figure 22. Voltage-Controlled Attenuator, Figure 23. Voltage-Controlled Attenuator,
Attenuation vs. Frequency Attenuation vs. Control Voltage

OUTLINE DIMENSIONS

D in ensions shown in inchesand (mm ).

14-Lead Cerdip

(Q-14)
0.005 (0.13) MIN 0.098 (2.49) MAX
g -» |<-
14 8
0.310 (7.87)
0.220 (5.59)
ol ¥
o masy
}e— 0.785 (19.94) MAX —»} 0.060 (1.52) -290 (7.37)
0.200 (5.08) 0.015 (0.38)
MAXy LU HH H - 0.150
0.200 (5.08) I:\$ ﬁiﬁ”
0125(3.18) pila- -t j » [& 0.015 (0.38
0.023(0.58) 0.100 0.070 (1.78) SCATING _150 W(ozo)
0.014(0.36) (254 7030 (0.76) LANE o 1008 (0.20)
BSC :
14-Lead Plastic DIP 14-Lead Narrow-Body SO
(N-14) (R-14/S0-14)
0.795 (20.19) 0.3444 (8.75)
“ 0725 (18.42) [~ 03367 (855)
asasansa o AR AARRTF
0.280 (7.11) [ 1 3
1 7|[0-230 (6-10) 0.325 (8.25) f%(g'gg) , L || 2220820
;\v v Y v v _t 0.300 (7.62) 0195 (4.95) ) f( ) (] 02284 (5.80)
PIN 1 0.060 (1.52) |__.| 0.115 (2.93) HRH THO OO
0.210 (5.33) 0.015 (0.38) PIN1 0.0688 (1.75) 0.0196 (0.50) )
MAX g Y A H A H A = 0.130 0.0098 (0.25) 0.0532 (1.35) |" 0.0089 (0.25) * *°
0.160 (4.06) _.I I:\I (3.30) 0.0040 (0.10) I
0.115(2.93) e mt | -« SNIIEI:TING 0.015 (0.381) j—ﬁﬁ X
0.022(0.558) 0.100 0.070 (1.77) 0.008 (0.202) I]-ﬂ b & Llle
0012(0356) (259 208 (17H) PLANE SEATING 00500  00192(049) 1 e O 00800 (1.27)

(127) 50138 (0.35
PLANE ‘ggc (©.35) 0.0075(0.19)  0.0160 (0.41)
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