PMI

MAT-04

MATCHED MONOLITHIC
QUAD TRANSISTOR

FEATURES
e LowOffsetVoltage ..................... 200V Max
e HighCurrentGain ........................ 400 Min
e Excellent Current GainMatch .............. 2% Max
¢ Low Noise Voltage at 100Hz, TmA ..... 2.5nV//Hz Max
e Excellent Log Conformance ........ rge = 0.60) Max
e Matching Guaranteed for All Transistors
¢ Available in Die Form
ORDERING INFORMATION
PACKAGE
T,=+25°C OPERATING
Vos MAX CERDIP PLASTIC TEMPERATURE
(V) 14-PIN 14-PIN RANGE
200 MATO4AY* — MIL
200 MATO4EY — IND
400 MAT04BY* — MIL
400 MATO4FY MATO4FP XIND
400 — MATO4FSH XIND

For devices processed in total compliance to MIL-STD-B83, add /883 after part
number. Consult factory for 883 data sheet.

Burn-in is available on commercial and industrial temperature range paris in
CerDIP, plastic DIP, and TO-can packages. For ordering information, see
PMI's Data Book, Section 2.

For availability and burn-in information on SC and PLCC packages, contact
your local sales office.

GENERAL DESCRIPTION

The MAT-04 is a quad monolithic NPN transistor that offers
excellent parametric matching for precision ampiifier and non-
linear circuit applications. Performance characteristics of the
MAT-04 include high gain (400 minimum) over a wide range
of collector current, low noise (2.5nVA/Hz maximum at 100Hz,
Ic = 1mA) and excellent logarithmic conformance. The MAT-04
also features a low offset voltage of 200p.V and tight current gain
matching, to within 2%. Each transistor of the MAT-04 is
individually tested to data sheet specifications. For matching
parameters (offset voltage, input offset current, and gain match),
each of the dual transistor combinations are verified to meet
stated limits. Device performance is guaranteed at 25°C and over
the industrial and military temperature ranges.

The long-term stability of matching parameters is guaranteed by
the protection diodes across the base-emitter junction of each
transistor. These diodes prevent degradation of beta and match-
ing characteristics due to reverse bias base-emitter current.

The superior logarithmic conformance and accurate matching
charagcteristics of the MAT-04 makes it an excellent choice for use
in log and antilog circuits. The MAT-04 is an ideal choice in
applications where low noise and high gain are required.

PIN CONNECTIONS

sl ——~""Tilcs 14-PIN HERMETIC DIP
B Eg g”jﬂ B4 {Y-Suffix)

&[] 2] £ 14-PIN EPOXY DIP

sus (4] 1] sus P-Suffi

& 5] % e (P-Suffix)

B2[% % g 7] 83 14-PIN SO

c2 (7] (5] (S-Suffix)

ABSOLUTE MAXIMUM RATINGS (Note 1)
Collector-Base Voitage (BV )
Collector-Emitter Voltage (BV )
Collector-Collector Voltage (BV )
Emitter-Emitter Voltage (BV_ )

Collector Current ......cc..oceeee
Emitter Current..... 30mA
Substrate (Pin-4 to Pin-11) Current .......ceevvieicvnenninnns 30mA
Opsrating Temperature Range
MAT-04AY, BY ..o -55°C TO +125°C
MAT-04EY .......... ...—25°C TO +85°C

MAT-04FY ,FP,FS
Storage Temperature
Y Package

—40°C to +85°C

—65°C to +150°C

P Package ... ...—65°C to +125°C
Lead Temperature (Soldering, 60 S€C) ....ccccveeericreernen. +300°C
PACKAGE TYPE ©,, (Note 2) 9c UNITS

14-Pin Hermetic DIP (¥) 108 16 °C/W

14-Pin Plastic DIP (P) 83 39 °C/W

14-Pin SO () 120 36 °CIW
NOTES:

1. Absolute maximum ratings apply to both DICE and packaged parts, unless
otherwise noted.

e.A is specified for worst case mounting conditions, i.e., 8 N is specified for
device in socket for CerDIP and P-DIP packages; ©,, is specified for device
soldered 1o printed circuit board for SO package.

2.

9-32

9/89, Rev. C2



MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR

ELECTRICAL CHARACTERISTICS at T, = 25°C uniess otherwise noted. Each transistor is individually tested. For matching
parameters (Vos, los, Ahgg) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless other-

wise noted.
MAT-04A/E MAT-04B/F
PARAMETER SYMBOL CONDITIONS MIN TYP WMAX MIN TYP MAX UNITS
OpA <lc=1mA
Current Gain heg OV = V=30V 400 800 — 300 600 —
{Note 1)
) I = 100pA
it
Current Gain Ahgg OV =< Vg = 30V — 05 2 - 1 4 %
Match
(Note2)
10pA =<ls=1mA
Oftset Voitage Vos OV < Vg <30V — 50 200 — 100 400 nv
(Note 4)
Offset Voltage WpA=ig=1mA
Changevs AVps/Alg Veg =0V - 5 25 - 10 50 nv
Collector Current (Note 4)
0pA=<Ig=1mA
Ve
O'::s:; °:‘;',9:v AVoe/AVeg OV < Vg =30V — 50 100 — 100 200 uv
ngevses (Nate 4)
10pA =l =1mA
Bulk Emitter Resistance IBE Veg =0V — 04 0.6 —_ 0.4 0.6 Q
{Note 5)
I ic = 100pA
— 1 —_ 1
Input Bias Current s OV = Vg <30V 25 250 65 330 nA
Input Offset Current los lg = 100uA — 06 5 — 2 13 nA
Veg =0V
Breakdown Voltage BVeeo I =10pA 40 - - 40 — — v
Collector Saturation lg = 100pA
- . . - . X v
Voltage Veesan o = 1mA 003 006 003 006
Collector-Base
I Vg = 40V — 5 - - 5 — A
Leakage Current ceo ‘cg = 40 p
) Vep =0V fg=10Hz - 2 3 - 2 4
N°:°V_°"ag" e, lo=1mA fo = 100Hz — 18 2§ — 18 3 N
ensity (Note3) 1o = 1kHz — 18 25 — 18 3
Gain Bandwidth lg=1mA
- 300 —_ — 300 - MHz
Product fr Ve = 10V
’ Vep=15V 1g=0
—_ — —_ — F
Output Capacitance Coso f= 1MHz 10 10 p
) Vge=0V lg=0
— - — 40 - F
input Capacitance Cepo f= IMHz 40 pl
NOTES:

1. Current gain measured at I = 10pA, 100pA and TmA.

100 (Alg) (hgg min)
2. Currentgainmatchisdefinedas: Ahgg = B
C
3. Sample tested.
Measured at ic = 10pA and guaranteed by design over the specified range
of .
5. Guaranteed by design.

ol
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MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR

ELECTRICAL CHARACTERISTICS at —25°C < T, s +85°C for MAT-04E, —40°C < T, < +85°C for MAT-04F, unless otherwise
noted. Each transistor is individually tested. For matching parameters (V, los) ®ach dual transistor combination is verified to meat

=a¢ ) ! ! os’
stated limits. All tests made at endpoints unless otherwise noted.

MAT-04E MAT-04F
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN ¢ TYP MAX UNITS
OpA=<ig<1mA
Current Gain heg 0V = Vg s 30V 225 625 - 200 500 —_
(Note 1)
10pA <l < TmA
Offset Voitage Vos 0V = Vg <30V — 60 260 — 120 520 nv
(Note 3)
lc = 100pA
Average Offset "
V;";:’:D rmse TCVos Vg = OV — 02 1 ~ 04 2 VG
(Note 2)
) Ic = 100pA
Input Bias Current Ig OV = Vgg 530V _ 160 445 — 200 500 hA
input Offset Current los lc = 1004 - 4 =20 — 8 40 nA
Vog =0V
Average Offset Ic = 100pA
TCI, — — —_ — A
Current Drift Clos Vg =0V %0 100 PAIC
Breakdown Voltage BVeeo I =10pA 40 — — 40 — — v
Collector-Base
Leakage Current 'cro Veg = 40V — 05 —_ —_ 05 — nA
Collector-Emitter
Vg = 4 — — — —
Leakage Current oes ce = 40V 5 5 mA
Collector-Substrate
Voo = - X — — X —
Leakage Current es o5 = 40V 07 07 nA

ELECTRICAL CHARACTERISTICS at —55°C = T, =< 125°C unless otherwise noted. Each transistor is individually tested. For
matching parameters (Vgg, log) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless
otherwise noted.

MAT-04A MAT-04B
PARAMETER SYMBOL CONDITIONS MIN  TYP  MAX MIN TYP MAX UNITS
WOpA=<ic<1mA
CurrentGain e OV = Vgg =30V 175 475 — 125 425 —
{Note 1)
10pA=lc<1mA
Offset Voltage Vos OV < Ve = 30V — 70 300 — 140 600 pv
(Note 3}
Ic = 100pA
A";’”" OD' srm‘" TCVos Vep =0V — o2 1 — o4 2 WVIC
ottage (Note 2)
. Ig = 100pA
— 29 —
Input Bias Current lg OV = Vg = 30V Q 570 235 800 nA
input Offset Current los lo = 1004A -— 6 30 — 12 60 nA
Vg =0V
Average Offset ic = 100pA
— — — 1 —
Current Drif TClos Vep=0V s 0o PASC
Breakdown Voltage BVgeo Ic=10pA 40 - — 40 —- — v
Collector-Base
Vg = 40V — — - 5 —_ nA
Leakage Current loeo s = 40 5
Cotlector- Emitter
Veg = 40V — 100 — — 100 - nA
Leakage Current foes ce
Collector-Substrate
| =40V —_ 7 - — 7 — nA
Leakage Current cs Ves =40
NOTES:
1. Currentgain measured atl; = 10pA, 100pA and 1mA. 3. Measured at Ic = 10pA and guaranteed by design over the specified range
2. Guaranteed by Vg test (TCVgg s Vog/T for Vog << Vgg) T = 298°K for of lc.
Ty = 25°C.
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MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR

DICE CHARACTERISTICS

DIE SIZE 0.060 < 0.060 inch, 3600 sq. mils

(1.52 X 1.52 mm, 2.31 sq. mm)

Q1 COLLECTOR
Q1 BASE

Q1 EMITTER
SUBSTRATE

Q2 EMITTER

Q2 BASE

Q2 COLLECTOR
Q3 COLLECTOR
Q3 BASE

10. Q3 EMITTER

11. SUBSTRATE

12. Q4EMITTER

13. Q4 BASE

14, Q4 COLLECTOR

RN RELON S

For additional DICE ordering information,

refer to PMI's Data Book, Section 2.

WAFER TEST LIMITS at T, = 25°C unless otherwise noted. Each transistor is individually tested. For matching parameters (Vpg,
los, Ahgg) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless otherwise noted.

MAT-04N
PARAMETER SYMBOL CONDITIONS LIMITS UNITS
. lg = 100pA
CurrentGain hrg OV = Vg =30V 300 MIN
Current Gain Match ahge Ic = 100pA, Ve = OV 4 % MAX
10pA sic<1mA
Oftset Voltage Vos OV =< Vg =30V 400 wV MAX
{Note 1}
Offset Voitage 10pA <ic<1mA
Changevs BVps/Alg Veg =0V 50 AV MAX
Collector Current (Note 1)
10pA < ic < 1mA
Og”' v:'a": AVps/AVos OV = Vg =30V 200 AV MAX
hangevs Vg (Note 1)
OpAsic=<1mA
Bulk Emitter Resistance TaE Veg =0V 0.6 QMAX
(Note 2)
Collector Saturation ig = 100pA
. VM
Votage Veesan Io=1mA 0.06 AX
| Ic = 100pA
Input Bias Current Ig OV = Vg 30V 330 nAMAX
= 100y
Input Offset Current los e uA 13 nAMAX
Vgg =0V
Breakdown Voltage BVeeo I = 10pA 40 VMIN
NOTES:

1. Measured at I = 10p.A and guaranteed by design over the specified range of i
2. Guaranteed by design.

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yiekl after packaging is not guaranteed for

standard product dice. Consult factory to negotiate specifications based on dice lot quatification through sampile lot

bly and testing.
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@ MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR

TYPICAL PERFORMANCE CHARACTERISTICS

CURRENT GAIN CURRENT GAIN GAIN BANDWIDTH vs
vs COLLECTOR CURRENT vs TEMPERATURE COLLECTOR CURRENT
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MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR

TYPICAL PERFORMANCE CHARACTERISTICS

COLLECTOR-TO-BASE

COLLECTOR-TO-SUBSTRATE

TOTAL NOISE vs CAPACITANCE vs COLLECTOR- CAPACITANCE vs COLLECTOR-
COLLECTOR CURRENT TO-BASE VOLTAGE TO-SUBSTRATE VOLTAGE
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APPLICATION NOTES FIGURE 2: Current Mirror, loyt = 2 (Iref)

It is recommended that one of the substrate pins (Pins 4 and 11)
be tied to the most negative circuit potential to minimize coupling
between devices. Pins 4 and 11 are internally connected.

APPLICATIONS

CURRENT SOURCES

The MAT-04 can be used to implement a variety of high impe-
dance current mirrors as shown in Figures 1, 2, and 3. These cur-
rent mirrors can be used as biasing elements and load devices for
amplifier stages.

FIGURE 1: Unity Gain Current Mirror, loyy = Iger

lout = VRer
Q1 — Q2
Q3 —4 Q4

The unity-gain current mirror of Figure 1, using a MAT-04AY, has
an accuracy of better than 1% and an output impedance of over
100M{} at 100pA. Figures 2 and 3 show modified current mirrors
designed for a current gain of two, and one-half respectively. The
accuracy of these mirrors is reduced from that of the unity-gain
source due to base current errors but is still better than 2%.

iReF lour = 2 (Iner)

Q2

FIGURE 3: Current Mirror, loyt = 1/2 (Irgr)

IReF lour = 172 (ires)

at

Q2 Q4

(T

Figure 4 is a temperature independent current sink that has an
accuracy of better than 1% over the military temperature range at
an output current of 100pA to 1mA. The Schottky diode acts as a
clamp to insure correctcircuit start-up at power on. The resistors
used in this circuit should be 1% metal-film type.
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IPMD)

MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR

FIGURE 4: Temperature Independent Current Sink, Igyr = 10V/RQ

+15¥
(o]
2
L
REF-01A
2
g
NONLINEAR FUNCTIONS This circuit uses two MAT-04AYs and maintains an accuracy of

An application where precision matched-transistors are a power-
tul tool is in the generation of nonlinear functions. These circuits
are based on the transistor's logarithmic property which takes the
following idealized form:

1

_K.T_ In _C

qa s
The MAT-04, with its excellent logarithmic conformance, main-
tains this idealized function over many decades of collector cur-
rent. This, in addition to the stringent parametric matching of the
MAT-04, enables the impiementation of extremely accurate log/
antilog circuits.
The circuit of Figure 5 is a vector summer that adds and subtracts
logged inputs to generate the following transfer function:

1

V2

Vee

Vout = Va2 + Vg2

better than 0.5% over an input range of 10mV to 10V. The layout
of the MAT-04s reduces errors due to matching and temperature
differences between the two precision quad matched-transistors.

Op amps A1 and A2 translate the input voltages into logarithmic
valued currents (14 and Ig in Figure 5) that fiow through transistor
Q3 and Q5. These currents are summed by transistor Qg4
(o = 1a + 15 = VI1Z  12?) which feeds the current-to-voltage
converter consisting of op amp A3. To maintain accuracy, 1%
metal-film resistors should be used.
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MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR

FIGURE 5: Vector Summer

Vour = _\};Vﬁﬂ + Vgt

Va O

LOW NOISE, HIGH SPEED INSTRUMENTATION AMPLIFIER
The circuit of Figure 6 is a very low noise, high speed amplifier,
ideal for uss in precision transducer and professional audio appli-
cations. The performance of the amplifier is summarized in
Table [. Figure 7 shows the input referred spot noise over the
0-25kHz bandwidth to be flat at 1.2nV/ VHz. Figure 8 highlights
the low 1/f noise corner at 2Hz.

The circuit uses a high speed op amp, the OP-17, preceded by an
input amplifier. This consists of a precision dual matched-transis-
tor, the MAT-02, and a feedback V-to-1 conwerter, the MAT-04.
The arrangement of the MAT-04 is known as a “linearized cross
guad” which performs the voltage-to-current conversion. The
OP-17 acts as an overall nulting amplifier to complete the feed-
back loop. Resistors R1, A2, and R3, R4 form voltage dividers
that attenuate the output voltage swing since the “cross quad” ar-
rangement has a limited input range. Biasing for the input stage is
set by zener diode Z1. Atlow currents the effective zener voltage
is about 3.3V due to the soft knee characteristic of the zener
diode. This results in a bias current of 530u.A per side for the input
stage. The gain of this amplifier with the values shown in Figure 6 is:

Voutr _ 33000
Vin Re

TABLE I: Instrumentation Amplifier Characteristics

. G = 1000 1.2nV/vHz

ot G =100 3.6nV/VFz

ge Y G=10 300V VHzZ

G =500 400kHz

Bandwidth G=100 1MHz

G=10 1.2MHz

Slew Rate 40V/ps
Common-Mode _

Rejection G = 1000 130dB

" . G =100

Distortion f = 20Hz 10 20kHz 0.03%

Settling Time G=1000 10ps

Power Consumption 350mwW
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MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR

FIGURE 6: Low Noise, High Speed Instrumentation Amplifier

O +15V
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3: A és.akn
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3 s i
He
N
| 1 >
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100 , MAT-04 “ 1200
R1 2 \I13 R4
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$ 10K8) 3 2T 10O
7 B8
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Zt [ P Rg = 330 GAIN = 1000
3.9v
IN748A R10
AAA—
4300
> Rt < R9
R8 AAA, 4
a8t 75k gaswa
O 15V
FIGURE 7: Spot Noise of the Instrumentation Amplifier from FIGURE 8: Low Frequency Noise Spectrum Showing Low 2Hz
0-25kHz at a Gain of 1000 Noise Corner. Gain = 1000.

HORIZONTAL AXIS = 0 TO 5Hz

NORMALIZED YERTICAL AXIS = 2.6nV/\/ Hz /DIVISION
REFERENCED TO INPUT.
HORIZONTAL AXIS =0 TO 25kHz.
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MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR

FIGURE 9: Voltage-Controlled Attenuator
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VOLTAGE-CONTROLLED ATTENUATOR

The voltage-controlled attenuator (VCA) of Figure 9, widely used
in professional audio circles, can easily be implemented using a
MAT-04. The excelient matching characteristics of the MAT-04
enables the VCA to have a distortion level of under 0.03% over a
wide range of control voitages. The VCA accepts a 3V RMS input
and easily handles the fuil 20Hz-20kHz audio bandwidth as
shown in Figure 10. Noise level for the VCA is more than 110dB
below maximum output.

In the voltage-controlled attenuator, the input signai modulates
the stage current of each differential pair. Op amps A2 and A3 in
conjunction with transistors Q5 and Q6 form voltage-to-current
converiers that transform a single input voltage into differential
currents which form the stage currents of each differential pair.
The control voltage shifts the current between each side of the
two differential pairs, regulating the signal level reaching the out-
put stage which consists of op amp A1. Figure 11 shows the in-
crease in signal attenuation as the control voltage becomes more
negative.

The ideal transfer function for the voltage-controlled attenuator is:

2
Vout/'VinN=
oo 1+exp [ -V, ) ——————RM E
CONTROU\ R13 + R14 q
Where k = Boltzmann constant 1.38 x 10723 J/°K
T = temperature in °K
q = electronic charge = 1.602 x 1071°C

From the transfer function it can be seen that the maximum gain
of the circuit is 2 (6dB).

To insure best performance, resistors R2 through R7 should be
1% metal film resistors. Since capacitor C2 can see small
amounts of reverse bias when the control voltage is positive, it
may be prudent to use a nonpolarized tantalum capacitor.
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MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR

FIGURE 10: Voltage-Controlled Attenuator,
Attenuation vs Frequency

FIGURE 11: Voltage-Controlled Attenuator,
Attenuation vs Control Voltage
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