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Differential Pairs

e The differential pair is used ubiquitously, but
does not perform well with alow supply voltage.

e The minimum allowable V., Is approximately
Viiode + VcEsat-

e TO improve linearity, we introduce emitter-de-
generation resistors, which increase the linear
range from afew Uy to about Iy R.

e However, the minimum allowable V., 1S aso
Increased to about Vgioge + bR + Vet

e We present a new bipolar differential pair with
comparablelinearity for which thisvoltageisthe
minimum allowable supply voltage.
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Conventional Rail-to-Rail Differential Input Stages

e Thepnp differentia pair has a comple- 1
mentary common-mode input-voltage G) N
range to the npn version.
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e To build a ral-to-rail input stage, we
can use adifferential pair of each type, }J
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e TO get a constant differential trans- }T

conductance, we must control the tall-
currents. ~
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e The minimum supply voltage for such
acircuit IS 2Vyioge + 2Veest.
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Inverted Differential Pair
e In the conventiona differential pair, we maintain the trans- ol
istors’ transconductances nearly constant despitelargechanges ¥ y V2

INn Vom DY keeping 11 + 1, = |y
e A current comparison between I, + |, and | occurs implicitly @Ib
at node V. V adjustsitsalf until 1{ + 1> = I. |

e In the inverted differential pair, we aso .
maintain I, + I, = 1, using local feedback,
except that we do so indirectly using replicas
of the output currents.

e If the current flowing in the resistors is small,
1+ o & .
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| nverted Differential Pair

/

e V attainsits maxima value when Vg
is at its minimum. <>'b ~/m

o If V. increases, V decreasesby about
1/m times as much to compensate the

|1¢L{
Increasein Iy + I». QEI 4 }\fa Qza Q2
— R —

R/m

—AAA TV il WA

e By making m=2 or 3, we compress _ _ — R —
the swing on V, leaving ample head- Mina Ming
room to keep Q15 and Qq, active. V, Vs,

o Qi and Qy have their emitters at e The bases are fixed by feedback, making
ground, permitting a wide output Rin &~ R. We can aso use them as summing
swing. noints, coupling in additional inputs.
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Behaves Like an Emitter-Degenerated Differential Pair

e Emitter-degenerated differential pair

|Se(V1—V)/UTe—Ot|1R/UT

| Se(VZ_V)/ UTe_a I2R/Ut

1 —
2 —

b = a(li+1y),

e Inverted differential pair

ISe(Vl—I—V)/(l—I—m)UTe—ZI1R/,B(1—I—m)U-|- —

, = |gV2rV)/(+mUrg=2l2R/B(1+mUr o If linno < Ip, these systems are
5 Isomorphic with -V — V, Ut —
ly = (1+E) (I +12) = (lin + lin2) , (14+ m)Us,andaR — 2R/B.
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th I, =5mA and R = 10k
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Measured DC Characteri
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Measured Differential Transconductance Gain and I nput Resistance

10, \ \ \
i |, =50.0mA, R=1.00k<
|, =500 uA, R=100kQ
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Summary

We have presented anew bipolar differential transconductor that functions just like an emitter-
degenerated differential pair except that it

e Can operate on alow power supply voltage,

e hasarail-to-ral common-mode input-voltage range,

e permits awide output-voltage swing,

e hasadifferential transconductance gain that is nearly independent of V., and
e reguiresonly npntransistors inthe signal path.

We provided DC measurements from a prototype circuit, breadboarded from a quad TPQ3904
and athick-film resistor array, demonstrating operation on asingle-ended 1.2-V power supply.
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Inverted Differential Pair Frequency Response

e We use the circuit shown
to the right to compute the
frequency response of thein-
verted differential pair.

e Assuming that C > C,,

14811y Cﬁw

Co>Ch B> 1, dnR > 1, 1 R —
and g (Fonll2rep) > 1, we 9=
can show that V.. 48V,
G — oly2 ___1 Om 1— 158
M= Vam 2 14+ M+2gmR/B 1+ 1S
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Inverted Differential Pair Frequency Response

B oly2 B 1 1 (1— 135 (14 129)
cm = 6Vem M (R/Mfronl|2rop) 1+ (Tf/ (T1||TZ)) S + TA?SZ’
and
oMRrR = 8o _ M Gn (R/Mronll2ro) 1+ (z4/ (rll2) 8 + 74"
G 2 14+ m+2g94R/B 1+78) (1+125
where
1= (RIEA+mMB/20m)Ch 8 = Cin/On
72 = (R/M||ron|irop) C/2 7 = /(Cp/gm) (RC/2m).
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