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Abstract : This p aper p resents a novel scheme f or enhancing resistance t hat utilizes an equivalent negative resist2
ance . A dop ting t his novel scheme in t he p rop osed cur rent source could remarkably boost its outp ut resistance wit h2
out requiring increased p ower supply. Simulation wit h 016μm CMOS p rocess models shows t hat t he outp ut resist2
ance of t he novel cur rent source can reach t he order of 109Ω wit h a 1104 G Hz bandwidt h and only 1016pp m/ ℃in

t he range of - 40～145 ℃.
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1 　Introduction

Current source is one of t he most important

building blocks in modern analog and mixed2signal
integrated circuit s and is widely used for biasing ,
p roviding active loads in amplifiers or a current ref2
erence in current2mode processing. A high2per2
formance current source requires a high outp ut re2
sistance in many applications. The t raditional
met hod for increasing t he resistance of a circuit is
to add a series resistance to t he original resistance.

Supposing the original resistance is ro ,an increased

resistance rt = ro + r1 for the circuit can be obtained

by adding a series resistance r1 . However ,t his con2
figuration requires an increase in supply voltage if
t he outp ut current is to remain constant . Zeki and
Kunt man proposed an IA FCCM st ruct ure to en2
hance t he outp ut impendence for a CMOS current

mirror [1 ] . But IA FCCM is a 32stage2cascode st ruc2
t ure and requires a high power supply. Low power
supply is a direction of develop ment of integrated
circuit s. Ramirez2Angulo et al . summarized the
st ruct ures of current sources wit h high outp ut re2
sistance under low supply voltage reported recently

and proposed a new configuration[2 ] . However ,

p roper compensations are necessary bot h in Ref s.

[2 ] and [ 3 ] . Quarantelli et al . [ 4 ] proposed a good

met hod to increase t he outp ut resistance of t he cur2
rent source wit h an op amp ,which requires neit her
a high power supply nor complex compensation.
The outp ut impendence of t his current source is rout

= ro1 ( A + 1) . However ,a simpler way ,which utili2
zes an equivalent negative resistance circuit , could
be adopted to obtain a high2outp ut2resistance cur2
rent source wit hout increasing power supply. This
paper p resent s t his idea for enhancing resistance. A
novel scheme for a current source adopting t his i2
dea for increasing it s outp ut resistance is also p ro2
posed in this paper . Simulation result s show t he
ot her characteristics of the p roposed current source
are very good.

2 　Principle of the proposed current
source

2. 1 　Principle of the scheme

Figure 1 ( a ) shows t he f rame of t he novel
scheme ,where ro is t he equivalent resistance of a
normal current source , and r2 is t he compensative
resistance. The total resistance of t his circuit is

r′t =
ro r2

ro + r2
(1)

　　U sually , r′t < ro . However ,if t he parallel resist2
ance r2 is a negative resistance whose absolute val2
ue is slightly larger t han ro , t hen r′t will be quite
larger t han ro . This is the original idea of t he p ro2
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posed novel current source wit h a high outp ut re2
sistance.

The relationship between r′t and r2 can be de2
scribed by Fig. 1 ( b) . Suppo sing r2 is a variable re2
sistance , t hen not only a small positive resistance
but also different resistances can be obtained when
two resistances are in parallel as shown in Fig. 1
(b) . The value of r′t depends on r2 . When r2 is posi2
tive , we get a positive resistance less than ro ,
whereas a negative resistance is obtained when r2 is
between - ro and zero . More interestingly ,a posi2
tive resistance larger t han ro can be produced when
r2 is less t han - ro . If t he absolute value of r2 is e2
qual to ro , r′t becomes infinite theoretically , which
includes positive infinite resistance and negative in2
finite resistance even if ro is a very small po sitive
resistance.

Fig. 1 　( a) Parallel resistance ; ( b) Total resistance

versus variable parallel resistance

The proposed current source adopt s the above
conclusion about two parallel resistances , and a
suitable negative resistance is chosen to obtain a
satisfactory outp ut resistance of the current
source ,such as in t he range of F to G. Yan et al . al2
so utilized t his range to enhance t he voltage gain of

a low voltage CMOS op amp [ 5 ] . If it is necessary

and po ssible ,ot her ranges in Fig. 1 (b) can be used
in other systems. However ,it should be clear t hat a
negative resistance is a resistance whose current
decreases wit h increasing voltage , and a negative
resistance can be obtained f rom a special device or
an equivalent circuit .

2. 2 　Proposed current source with a high output re2
sistance

　　Figure 2 shows t he st ruct ure of t he novel

high2outp ut2resistance current source. There are
two part s in t he circuit ; t he lef t part is a normal

current source , such as a cascode current mirror ,
and t he right part is an equivalent circuit t hat p ro2
duces t he negative resistance.

Fig. 2 　Structure of the novel current source

A1 in Fig. 2 is a t hree2stage amplifier depicted
in Fig. 3. The total voltage gain of t he circuit p ro2
ducing t he negative resistance is

AV ≈ -
gM7

gM10
-

gM8

gM11

gM9

gM9 + gMb9

=
gM7 gM8 gM9

gM10 gM11 ( gM9 + gMb9 )
(2)

where gM i is t he t ransconductance of M i ,and gMb9 is
t he back2gate t ransconductance of M9.

Fig. 3 　Structure of A1

Suppose t he po sitive equivalent resistance of
t he cascode mirror is Rcm and t he small signal re2
sistance of M5 is Rds5 . M6 provides a bias for M5.
The equivalent resistance looking f rom t he joint at
t he source of M5 and t he gate of M7 is

Req ≈
Rds5

1 - AV
(3)

Then the total outp ut resistance of t he novel cur2
rent source is

Rout =
Rcm Rds5

(1 - AV ) Rcm + Rds5
(4)

where Rcm≈ gM4 Rds4 Rds2 . In Fig. 2 , Rdsi is t he resist2
ance between the drain and source of M i. we adjust
t he parameters of the circuit and make | (1 - A V )

Rcm | slightly larger t han | Rds5 | so t hat a very large
outp ut resistance and a more stable outp ut current
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can be obtained.
The normal current source is not limited as a

cascode current mirror . A Widlar current source
and a Wilson current mirror are also adopted in
t his novel current source. The simulation result s of
t he different lef t part s are very similar . A typical
current source with a negative resistance is shown
in Fig. 4 , where M13～M18 form an Ibias circuit .
The key to obtaining a high outp ut resistance is to
design a proper W / L ratio for M7 ,M8 ,and M9 to
make | (1 - A V ) Rcm | very clo se to | Rds5 | .

Fig. 4 　A typical current source with negative resist2
ance

3 　Simulation and discussion

The circuit shown in Fig. 4 was simulated wit h
a 016μm CMOS process model , where the power
source was set at 3V and Iout was 52μA. The W / L

ratio s of t he key t ransistors in t he circuit are listed
in Table 1. According to t he simulation result s ,t he
outp ut resistance of the cascode current mirror is
Rcm = 3011552MΩ , t he equivalent resistance of the
circuit t hat p roduces t he negative resistance is Req

= - 3017058MΩ ,and t he total outp ut resistance of
t he novel current source is Rout = 116817 GΩ ,which
is higher t han t he MΩ range in Ref . [ 4 ] and
200MΩ in Ref . [2 ] . Actually , Iout does not approach
a limit of 52μA but varies f rom severalμA to sev2
eral hundred mA. The power source also can be
lowered to ensure M4 ～M9 in a sat uration state.

Table 1 　W / L ratios of the key transistors in Fig. 4

Device number Type W / L ratios (μm/μm) Status

M4 nMOS 50/ 2 Saturation

M5 p MOS 50/ 1 Saturation

M7 p MOS 50/ 1 Saturation

M8 nMOS 25/ 1 Saturation

M9 nMOS 40/ 1 Saturation

Figure 5 disp lays t he outp ut cur re nt ve rsus

t he outp ut volt age . Curve 1 is t he ref e re nce cur2
re nt I ref ,w hose value is assumed t o be 52μA. Curve
2 is t he outp ut current of the novel high resistance
current source. Curve 3 is t he outp ut current of t he
cascode current mirror . Curves 2 and 3 are similar
in shape. Magnifying t he curves near Iref ,it can be
clearly observed t hat t he V omin of t he p ropo sed cur2
rent source is smaller and the stability is bet ter .
Wit hout negative resistance compensation , V omin ≈
21100V ,whereas V omin≈11465V wit h the compen2
sative circuit .

Fig. 5 　Output current versus output voltage

Figure 6 is t he f requency response of t he p ro2
posed current source ,and Figure 7 shows t he tem2
perat ure characteristics of the outp ut current of t he
novel current source. From Fig. 6 ,it can be gath2
ered t hat t he - 3dB f requency is 11 04 GHz , impl2
ying t hat the cut2off f requency of t he novel current
source is large. The bandwidths bot h in Ref s. [ 2 ]
and [ 4 ] are 100M Hz. From Fig. 7 , it can be seen
t hat t he temperat ure coefficient of t he outp ut cur2
rent is 1016pp m/ ℃ in t he range of - 40～145 ℃,
indicating that t he temperat ure characteristic of t he
p roposed current source is very good.

Fig. 6 　Frequency response of the proposed current

source

Figure 8 is the PSRR curve of the outp ut cur2
rent of the novel current source shown in Fig. 4. It
can be seen t hat t he PSRR value of t his current is
only about - 82. The relationship between the out2
p ut current and t he load resistance is depicted in
Fig. 9. The outp ut current of t he novel current
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source remains constant wit h the increase of the
load resistance.

Fig. 7 　Temperature characteristic of the output cur2
rent

Fig. 8 　PSRR of the output current

Fig. 9 　Output current versus load resistance

4 　Conclusion

A novel current source wit h a high outp ut re2
sistance is p roposed in this paper . This current
source adopt s a parallel negative resistance to en2
hance t he total resistance of the circuit , reaching
t he order of 109Ω. I ts - 3dB f reque ncy of 1104 G Hz

is la rge r t ha n t ha t i n Refs . [ 2 ] a nd [ 4 ] . The te m2
p e ra t ure coeff icie nt of t he outp ut cur re nt is only

1016pp m/ ℃ i n t he ra nge of - 40～145 ℃. Moreo2
ve r , t he Vomin of t he p rop osed cur re nt source is

s malle r t ha n t hat of t he p ure cascode cur re nt mi r2
ror . The PS R R of t he p rop osed cur re nt source is

less t ha n - 8215dB . The simula tion results i ndicate

t hat t he p rop ose d sche me is good.

Furt he r more , t he novel concep t of tw o p a ral2
lel resista nces has exp a nsive app lications . If one of

t he p a rallel resist a nces is a ce rtai n p ositive resist2
a nce a nd t he ot he r p a rallel resist a nce is a va ria ble

resist a nce c ha ngi ng f rom negative t o p ositive , we

ca n obtai n dif f e re nt ki nds of t he t otal resist a nce

a nd app ly t he m i n ma ny f ields . The ref ore , t his

idea is signif ica nt .
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一种基于负电阻的高输出阻抗的电流源

罗 　萍 　李肇基 　余 　磊 　张 　波

(电子科技大学 IC 设计中心 , 成都　610054)

摘要 : 给出一种利用等效负电阻实现阻抗增加的方法. 利用该方法 ,文中所提出的电流源可在不增加电源电压的
前提下显著提高其输出阻抗. 基于 016μm 的 CMOS 工艺模型 ,仿真所得电流源的输出阻抗可达 109Ω ,同时 ,该电
流源频带宽度为 1104 G Hz ,在 - 40～145 ℃之间 ,电流源的温度系数只有 1016pp m/ ℃.
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