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Fig. 6. Distribution of the temperature coefficient.

The stability was measured by using 38 devices which were
constructed using Philips MR 020 metal-film resistors and
Evox polystyrene capacitors. Fig. 6 shows the distribution of
the temperature coefficient of the pulsewidth.
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A High Output Resistance Current Source

RICHARD C. JAEGER

Abstract—A current source based upon a pair of transistors in a
cascode connection is discussed. The emitter-referenced cascode
current source can offer as much as two orders of magnitude im-
provement in output resistance when compared to other current
sources.

1. INTRODUCTION

In order to obtain maximum common-mode input resistance
and common-mode rejection ratio (CMRR) from differential
amplifiers [1], a current source with an output resistance
as high as possible is desirable. The current source of Fig. 1(d)

Manuscript received October 12, 1973; revised February 4, 1974,

The author was with the IBM Corporation, Boca Raton, Fla.
He i now with the IBM Watson Research Center, Yorktown
Heights, N. Y. 10598.

Fig. 1.

IEEE JOURNAL OF SOLID-STATE CIRCUITS, AUGUST 1974

Q2

Q1

(b)

(d)

(a) Current mirror. (b) Standard cascode source. (¢c) Wil-
son source. (d) KEmitter-referenced cascode source.
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Fig. 2. Transistor pi-model.

TABLE I

Measured Qutput

Current Source Output Conductance Resistance®
Current mirror Go2 130 kQ
St::;(llf;i cascode 20u2 + 2002ms _Z_:_i Egi R
Wilson source 2.2 + 2 Ig_:: 3.5m@
Emitter-referenced o2 (_1 + _g_m_l)

cascode source B, \B,, G2

- gw(ﬁ + Bl) 60 me

1
+ 772(gu1 + R_m)

aJe =1 mA, Igs = 2 ISI, B, = 240, B, = 15.

can have an output resistance one to two orders of magnitude
greater than that of conventional current sources.

II. ANALYSIS

The output resistance of the current mirror of Fig. 1 is
limited by the collector—emitter resistance of the output device
Q2. The output resistance of the standard cascode and Wil-
son [2] current sources is limited by the collector-base re-
sistance of the output device. A higher output resistance
source is obtained using transistors in the emitter-referenced
cascode configuration of Fig. 1. By referencing the base of the
output device @2 to the emitter potential of Q1 [3], a sig-
nifieant improvement in output resistance is obtained. A tedious
but straightforward analysis of the current source output con-
ductance using the pi-model of Fig. 2 results in the relation-
ship below:

Jo2 1 Jm1
- g2 (L 4 22)
Bal Ba2 + h Jm2

1 1 1
+ guz<gm1R31 + Bo1> T ﬂz(gm + R—;) (1)

Ry = output resistance of Ig.
Ry = output resistance of Ig.

A comparison of the output conductances of the sources of
Fig. 1 is given in Table I. The emitter-referenced cascode
current source output resistance is improved by approximately
a factor of B, compared to the output resistance of either the
standard cascode or Wilson current sources.

Examination of (1) yields the conditions necessary to obtain

the resistance level given in Table I. The output resistance Fg,
of the bias source I, appears in parallel with g.. Therefore,
the Is, source should have an output resistance equivalent to
that of the Wilson souree.

The output resistance Rs of the bias source I5 should be
large enough so that

gmills1 > Boi. )

The requirement of (2) can be met with a source consisting
of simply a resistor or a current mirror.

I1I. PRACTICAL SOURCES

An emitter-referenced cascode current source with biasing
networks is given in Fig. 3(a). Source I is implemented using
a current mirror. I, is a Wilson current source. The output
resistance of this source approaches:

. gu2
= 2 —
GD Bol
As bipolar-JFET processing matures, the source of Fi'g.' 3(b)
will become quite attractive. This source requires & minimum
of external bias elements, and can have a very high output
resistance.

IV. MEASUREMENTS AND CONCLUSION

Results of measurements of the output resistance of the
current mirror, Wilson source, and emitter-referenced cascode
source of Fig. 1 are presented in Table I. The sources were
constructed using RCA CA-3096 devices. A 1-mA source cur-
rent was chosen to facilitate the resistance measurements. The
results verify that the emitter-referenced cascode current source
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Fig. 3. Emitter-referenced cascode current sources.

offers a significant improvement in output resistance when
compared to other sources.
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The Large Signal Input Capacitance of a Transistor
Amplifier

R. R. DERYNCK axp R. H, JOHNSTON

Abstract—A simple bipolar transistor amplifier generates sub-
harmonics at fréquencies well below fz. A study of the results of a
computer-aided design program reveals that a large nonlinear
capacitance appears at the transistor input. The source of the
nonlinear capacitance is found.

INTRODUCTION

A simple bipolar transistor amplifier can generate sub-
harmonics at both high and low frequencies when driven by
a sinusoid [1]. High-frequency subharmonic generation is
due chiefly to the nonlinear diffusion capacitance of the tran-
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Fig. 1. The transistor amplifier circuit simulated using SCEPTRE

which generated subharmonies.
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Fig. 2. The current-voltage plot of the intrinsic base. The funda-
mental frequency is 800 kHz, the subharmonic frequency is
400 kHz.

sistor. Low-frequency (f < f,) subharmonic generation cannot
be attributed to the diffusion capacitance owing to its negligible
influence on the device currents. The subharmonic must be
generated by either a nonlinear capacitance or a nonlinear
negative resistance [2]. At low frequencies the transistor does
not appear to have a large nonlinear capacitance or a negative
resistance. It is therefore desirable to determine exactly how
the subharmonic is generated in the transistor.

TrANSISTOR MODELING

A scepTrE [3] circuit analysis program is used to simulate
the transistor circuit shown in Fig. 1. The standard ScEPTRE
transistor model is used neglecting the diffusion capacitance.
In addition, the depletion layer capacitances are assumed to
be linear. The program accurately predicts the presence of a
subharmonic and the calculated transistor current and voltage
waveforms correspond closely to those observed in the actual
circuit [1].

From the scEPTRE program, the current flowing into the
intrinsic base of the transistor is plotted as a function of the
voltage at that point. See Fig. 2. The generated subharmonic
causes two distinet loops to appear in the ¢-v plot. Each loop
of the plot is similar to the i-v characterlstlc of a capacitor
and a diode in parallel.

Because of this similarity, it is assumed that the intrinsic
base input acts as a nonlinear RC network to ground. See
Fig. 3(a). Both the conductance and the capacitance are
assumed to be voltage dependent. The current in this circuit is

dvb ’

U = Clvy.,) + 3,(vy0) (D

where C(vy.) and i,(vy.) are defined for any value of vu.,.
Ve 18 the intrinsic base to emitter voltage

Vpo = QTyry + Uyre.

However dvy./dt depends on the drive voltage. During steady-
state operation there are at least two values of dv,./dt asso-
ciated with each value of v,.. It is therefore possible to write:



