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Fig. 1. (a) Folded cascode input stage [9]. (b) Cascoded gain stage with gain
enhancement [8].

A High-Swing MOS Cascode Bias Circuit

of the saturation voltage based on practical aspects of circuit design.

Additionally, the small-signal output resistance is discussed and asso-

ciated with the saturation voltage of the driver transistor in the CCM.

The analysis of the biasing topology is discussed next. Design equa-
Abstract—n this paper, we propose a very simple bias circuit that al-  tions, as well as experimental results, are eventually presented.

lows for maximum output voltage swing of MOSFET cascode stages. The

circuit topology is valid for any current density and is technology indepen- Il. THE SATURATION VOLTAGE

dent. Starting from the saturation voltage as defined in [1], and from the

current density of the cascode stage, we determine the aspect ratio of the  According to the MOSFET models in [1], [7], and [10], the drain

transistors in the bias circuitin order to maximize the output voltage swing. o rrent can be decomposed into the forwdrd)(and reversel(;) cur-
Experimental results validate the strategy for designing the bias network. rents

Volney Coelho Vincence, Carlos Galup-Montoro, and
Marcio Cherem Schneider

Index Terms—Analog circuits, analog integrated circuits, biasing circuit,
cascode amplifier, MOS analog integrated circuits. Ip=Ir—1Ir 1)

wherelr(Ir) is dependent of the gate and source (drain) voltages. In
forward saturatiod s > I; consequentlyl;, 22 ;.

Cascode current mirrors (CCM) have a much higher output resis-The MOSFET output characteristic [1], [10] is modeled, in normal-
tance than simple current mirrors yet at the expense of the outjzed form, as
voltage swing. Self-biased CCM’s [2], [3] have as their main drawback Vos JIFi—1
a very serious loss of signal swing. Cascode stages with fixed bias 5 = V9itip—v1+i-+1n <7) 2
[4]-[7], such as those shown in Fig. 1 [8], [9], can be optimized for ot Viti—1
high output voltage swing. In order to maximize the output voltagehere
swing, the values of the bias voltagés, 132> andV;.¢ should be such

|. INTRODUCTION

. Iy
thatM4, M 10, andM;, respectively, operate at the edge of saturation. Li(r) = FI(?) (3a)
Very simple circuits in [7] were proposed to bias cascode mirrors ° W
either for strong inversion or for weak inversion. The cascode biasing Is =1Is0 <f) (3b)
circuit proposed in [4] can operate at any current level with a minimal )
output saturation voltage but spends a lot of silicon area and is not Iso :u"dw%_ (3¢)

suitable for high frequency applications.
In this brief, we extend for moderate and strong inversion one of thie is the normalization currenfs, is the sheet normalization cur-
biasing circuits presented in [7], which was proposed for operationjignt,i ;. is the normalized forward (reverse) current, afgk is the
weak inversion. The bias circuit proposed here is useful for both agygain-to-source voltage., n, C',.., ¢;, and¥/ L are the mobility, slope
plifier configurations shown in Fig. 1. In the first part of the brief, wetactor, gate oxide capacitance/area, thermal voltage ,and the transistor
revisit the MOSFET model from [1] and [10] and introduce a definitiogspect ratio, respectively. More details about (1)—(3) can be found in
[1] and [10].
In order to introduce a definition of the saturation voltage that is
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Alp = -8, AV +84AV, =0 Ibias

(a)

- ZmsAvg
(b)
Fig. 2. (a) Common-gate amplifier. (b) Definition of the MOSFET source transconductgnc$ &nd output conductance.f ).
10 " " ; For large values ofA,” i >> i,, and, consequently, the normalized
drain currenty = iy — i, = iy. Therefore, one can substitutefor
iy in (4b).

The definition of the saturation voltage as shown in (4b) is very ap-
propriate for building blocks such as current mirrors where voltage
swing and voltage gain are essential specifications. Fig. 3 illustrates the
dependence of the saturation voltage on the inversion level. For strong-
inversion Vpssat 2 ¢:+/i, while for weak-inversion/pssat =
¢r - In(A).

IIl. THE OUTPUT RESISTANCE

. - . - Cascode stages are capable of exhibiting very high output resistance
10 10 10 Inver:i)on Ievel"’i{ 10 10 and a gain-bandwidth product almost equal to that of a single stage
[8]. With the aid of Fig. 4(a), one can readily determine the output
Fig. 3. Saturation voltage as a function of the inversion level, ghins impedance at the drain af/ 4

parameter, ang, = 26 mV. /
U(_)Ll 9 ms m.e
Lout o Jmsd/Gmdd (5a)

lout Jmd2
l"’ \I/'B Is @ Is Theresultin (5a) can be readily interpreted by noting that the ac drain
voltage of M2 is equal to the ac output voltage divided by the voltage
M3 M4 gain of the common-gate configuration. Assuming baf2 and M 4
:h_j__”: ‘_’B_._| :J to be operating in saturation and to have the same aspect ratios, then
Jmsa = gms2 [SE€E (4a)]. Therefore, (5a) can be written as

Vou ms2 /[ Ymd2 A
Vout o Jms2/Gmaz _ (5b)

M1 |_—| M2 iout Imd4a - Imd4a
M7 where “A,” the voltage gain ofA{2 depends on the drain-source

= = - voltage, and thus, on the bias voltajg. Therefore,V’z should be
sufficiently high to allow for a high 4” but not too high to avoid a
reduction in the output voltage swing. The following section shows
(a) (b) how to design the circuit in Fig. 4(b) to bia®/2 at the edge of
saturation.

Fig. 4. (a) Low-voltage CCM. (b) Biasing circuit [7].
IV. BIAS NETWORK

voltage should be associated with a large value-bf“Considering | the topology of the CCM shown in Fig. 4(a), all transistors share

that a common substrate. Ify is adequately chosen, the output voltage of
, ) i this circuit can be as low @&Vpssat. Biasing the transistors deep in

Jmsr0r = 2Is (/T +i50) = 1) (43)  \yeak inversion allows for low voltage operation and low power con-

sHmption but the frequency response is very poor. A balance between

?requency response and voltage swing is achieved in moderate inver-

sion.

Vbssar 1 - The structure shown in Fig. 4(b), which has been proposed [7] to
P In(4) + <1 N Z) (V Ltiy - 1) ) (4b) generate a bias voltage to allow for maximum output swing, is quite

as in [10], one can easily derive from (2) the value of the saturati
voltageVpssar [1] as
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Fig. 8. Detall of experimental output characteristics of the current mirrors in
moderate inversioni¢ = 10).
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: : Fig. 9. _ Deta_il of experimental output characteristics of the current mirrors in

sl | L strong inversioni(; = 100).

lout (A)

M?2. From now on, to simplify matters, we assume that the sheet nor-

malization currentls¢ is equal for all transistors, even though it is

slightly dependent of the gate voltage [1]. Consequently, we consider

the normalized forward currents 84, M A5, and M6 to be iden-

tical because these three transistors have the same geometry, they are

biased at the same current, and they operate in saturation. Choosing

equal aspectratiog = r, = r for bothM B5 andM B7 and defining

a = (r+1)/r,onecan readily conclude thaty s = irvp7 =iy,
dijmss = iympr = o - iy Here,iy refers to the inversion level

(51f the CCM transistors, which is almost equal for ba#t2 andA 4 as

long asM2 and M4 operate in saturation. From the previous consid-

] ) o ] ] erations, we can derive the following equation from (2):
simple but was introduced for operation in weak inversion. Our pur-

19 4 - - oL - - - e e e -

1.85

Fig. 7. Detail of experimental output characteristics of the current mirrors
weak inversion{; = 1).

pose in this work is to extend the application of the circuit in Fig. 4(b) Vpsmps + Vpsmpr _ JIFa i - JiFis
to any current level. To have a better grasp of the design of the bias net- 2oy L '
work in Fig. 4(b), we have split transistofd 5 and M 7 into a series ViFa-i;-1
association of transistord{ A5 and M/ B5) and a parallel association +1n <ﬁ) (6)

of identical transistorsM A7 and M BT), respectively, as shown in

Fig. 5. The aspect ratios of the transistors in the current mirror are &eep in weak inversionif < 1), the right-hand side of (6) can be
sumed to be equal and are taken as the reference value. We have chesigten asln(«), whereas deep in strong inversion > 1), it can be
the aspect ratios aif A5 and M6 to be equal to the reference valueapproximated by /o — 1)\/%;.

and the bias currents through bathA5 and M6 to be equal to the  In order to bias\/ 2 at the edge of saturation, the sum of the drain-
input current. Therefore, the gate-source voltagl/of5 is equalto the source voltages aif B5 and M B7 should be equal to the saturation
gate-source voltage df/ 4. Consequently, the sum of the drain-sourc&oltage {hssar) of M 2. Equating (4b) to (6) allows one to determine
voltages acros&/ B5 andM B7 equals the drain-source voltage acrosthe curves shown in Fig. 6 for different gains. Note from (6) that the
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choice of ‘«,” which defines the aspect ratia,” depends on the in-  [4] P.Heim and M. A. Jabri, “MOS cascode-mirror biasing circuit operating

version level but is independent of the technological parameters. Note ~ at any current level with minimal output saturation voltagélgctron.
Lett, vol. 31, pp. 690-691, Apr. 27, 1995.

[5] T.Vooand C. Toumazou, “A novel high speed current mirror compensa-

w

also that %" ranges from 0.1-0.8 approximately. In strong inversion,

the optimum value of is 0.8(\/a' = 1.5). On the other hand, in weak tion technique and application,” Proc. ISCAS1995, pp. 2108-2111.
inversion %" varies from 0.1 to 0.5, depending on the value chosen for [6] T. C. Choi, R. T. Kaneshiro, R. W. Brodersen, P. R. Gray, W. B. Jett,
the voltage gain. and M. Wilcox, “High-frequency CMOS switched-capacitor filters for

The bias network shown in Fig. 5 can be readily applied to the am- communications application|EEE J. Solid-State Circuityol. SSC-18,

- - . . A pp. 652-664, Dec. 1983.
plifiers shown in Fig. 1. For instance, the bias voltage in Fig. 1(a) [7] E. Vittoz, “Micropower techniques,” iesign of Analog-Digital VLS

is generated at the gate voltage f45. Additionally, the interme- Circuits for Telecommunications and Signal Processitud ed, J. E.
diate node of the series associationdfd5 and A B5 provides the Franca and Y. Tsividis, Eds. Englewood Cliffs, NJ: Prentice-Hall,
network of Fig. 1(b) with the appropriate voltadé.f) for maximum 1994. _ o , , ,

output swing. [8] K. Bult, “Basic CMOS circuit techniques,” ilnalog VLSI: Signal and

. Information ProcessingM. Ismail and T. Fiez, Eds. New York: Mc-
Even though the present analysis has been performed for graw-Hill 1994. "o

long-channel devices, we can apply it to short-channel devices ag9] R. Hogervorst and J. H. Huijsinddesign of Low-Voltage, Low-Power
long asA is not higher than the maximum achievable gain of the Operational Amplifier Cells Norwell, MA: Kluwer, 1996.
short-channel device. Our analysis has not taken into account transistdf] C. Galup-Montoro, M. C. Schneider, and A. I A. Cunha, "A
or cu_rrent mismatching_. In a practical circuit, the aspect natbo_uld icn“”fc',‘vt;_b\?cﬁffge,“ﬁ'fvﬁiﬂermﬁfiggrafférd IgtﬁglzitSEdangrcggngﬁﬁzlgn’
be slightly decreased in order to add a small safety margin to the  sanchez-Sinencio and A. G. Andreou, Eds. New York: IEEE Press,
drain-source voltage ofi/2 that would compensate for transistor 1999.

mismatching. The price to be paid would be a slightly smaller output

voltage swing of the CCM.

V. EXPERIMENTAL RESULTS

To validate the design methodology, simple, self-biasing cascode Analog VLSI Implementation of the Help If Needed

(self-CCM) and low-voltage cascode (LV-CCM) current mirrors have Stereopsis Algorithm
been implemented and tested. Integra¥e@¢hannel transistord{ =~
0.6 V) from a 24+m CMOS technology have been used in the current
mirrors. The measured sheet normalization curfegt =~ 55 nA. All
transistors in the simple mirrors and CCM's have the same aspect raapgiract—This brief introduces a novel clocked analog VLSI hardware
tios W/L = 18 pm/5 pm). system with an optical input that performs stereopsis. An algorithm called
Figs. 7-9 present details of the measured output characteristics ofttieeHelp If Needed Algorithm, developed previously, is readily mapped
current mirrors. Values of = 1/3, 1/2, and 2/3, respectively, have bee@nto an analog VLSI platform. The system fits into the cellular neural net-

. . L _ work (CNN) paradigm. The circuit components that make up the cells of
chosen according to Fig. 6, féy = 1, 10, and 100 and = 30. Note the CNN are designed with the constraint that they must function effec-

that the LV-CCMs reach saturation at a drain-source voltage roughiyely and fit into the space available. In order to clarify the processing
twice the saturation voltage of the simple current mirror. The self-bpathway, the system is described at the component and system levels. Each

ased CCM saturates at a much larger voltage than the “optimally” I§ell has an optical input, while the output is electrical. By utilizing an op-
ased CCM. tical input, an analog VLSI silicon retina first stage can be connected to
the stereopsis processor completely in parallel, creating a multi-stage arti-
ficial visual system. The physical system is composed of 2:8m Tinychips
fabricated through MOSIS. Experimental data are presented that verify
VI. CONCLUSION that the system performs as desired and successfully implements the Help
. . . L . . If Needed Stereopsis Algorithm. The novel stereopsis processor is ideally
In this work, the very simple bias circuit presented in [7], which alsited for autonomous robots, or any application that requires a low power
lows for maximum output voltage swing of cascode stages in weak Wsual processing system.
version, has been extended for operation at any current density. Starthgdex Terms—Analog processing circuits, CMOS analog integrated cir-

from the multiplication factor of the output impedance required for tr@,itsy machine vision, neural network hardware, very large scale integra-
cascode stage relative to the single stage and from the output swiig.

one can determine the “optimally” biased network. The proposed bi-
asing circuit, which is very useful for low-voltage design at any current
level, is technology independent since it is based on geometric ratios.
Experimental results corroborated the design methodology of the biag\n important visual-processing task performed by biological sys-
network. tems is the determination of depth. Depth perception can be achieved
using a number of methods, but one of the most efficient methods is
stereopsis. Disparate information is present at each eye, and the slight
differences in the images are used to determine how close or far an
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