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Description 

This Invention relates to current mirrors and particularly to a low-voltage current mirror realised In bipolar 
technology. 

Simple current mirrors, for example the simple current mirror 2 shown in Figure 1, are well known In the 
art. However, such arrangements are often insufficiently accurate, particularly when realised with low gain 
elements such as two lateral pnp transistors 4 and 6. The ratio of output current 12 to Input current 11 of the 
simple current mirror 2 Is given by: 

~ = _1_ (1) 
1, 1 + ~ 

p 
where p is the current gain of the pnp transistors. Thus, for small values of the p accuracy of the simple current 
mirror Is poor. 

Two circuits 10 and 20 which are commonly used to resolve this problem are shown In Figures 2a and 2b. 
However, these circuits have a major disadvantage In that two base/emitter junctions are In series at the input 
node, for example the base/emitter junctions of transistors 12 and 14 of Figure 2a, which doubles the Input 
voltage required compared with the simple current mirror of Figure 1. 

In addition, since the currant mirror 10 of Figure 2a has a b'ansistor 14 biassed only by the base current 
of transistors 12 and 16, the current mirror 10 can suffer from slew-rate problems. 

UK Patent Application No. GB-A-2086682 describes a cascade arrangement of current mirror amplifiers • 
It Is an object of the present invention to provide an improved current mirror wherein the above disadvan­

tages are overcome. 
In accordance with the present Invention there Is provided a current mirror circuit comprising: 

an Input node; 
a first simple current mirror of a first semiconductor type having an input coupled to said Input node and 

an output; 
a second simple current mirror of a second semiconductor type having an input coupled to said output 

of said first simple current mirror and an output; 
a third simple current mirror of said first semiconductor type having an Input coupled to said output of 

said second simple current mirror; and 
an output node coupled to said second simple current mirror so as to receive the sum of the Input and 

output currents of said second simple current mirror flowing In a common terminal thereof, the current mirror 
circuit characterised in that the third simple current mirror has an output coupled to said Input node. 

In a preferred embodiment the first and third simple current mirrors comprise pnp type bipolar transistors 
and the second simple current mirror comprises npn type bipolar transistors. However, the complementary 
transistor type may also be used for each of the current mirrors. 

The invention wlll now be more fully described, by way of example, with reference to the accompanying 
drawings In which: 

Figure 1 shows a well known simple current mirror circuit; 
Figures 2a and 2b show more complicated prior art current mirror circuits; and 
Figure 3 shows a current mirror circuit according to the present Invention. 
The current mirror circuit 28 of Figure 3 comprises a flm simple current mirror 30, a second simple current 

mirror 32 and a third simple current mirror 34. In a preferred embodiment, the first current mirror 30 and third 
current mirror 34 are of pnp type and the second current mirror 32 Is of npn type. 

The first current mirror 30 comprises first and second pnp b'anslstors 36 and 38. The first transistor 36 Is 
coupled as a diode. The emitter electrode of the first transistor 36 ls coupled together with the emitter electrode 
of the second transistor to a positive supply line 40 and the base electrodes of the first and second transistors 
are coupled together. The collector electrode of the first transistor 36 forms the Input of the first current mirror 
30 which Is coupled to an Input node 29 and the collector electrode of the second transistor 38 forms the output 
of the first current mirror 30 which Is coupled to an Input of the second current mirror 32 at node 33. 

The second current mirror 32 comprises first and second npn transistors 42 and 44. The first transistor 
42 is coupled as a diode. The emitter electrode of the first transistor 42 is coupled together with the emitter 
electrode of the second transistor 44 to a common terminal 37 connected to an output node 31. The base elec­
trodes of the first and the second transistors are coupled together. The collector electrode of the first transistor 
42 forms the Input of the second current mirror 32 and the collector electrode of the second transistor 44 forms 
the output of the second current mirror 32 which is coupled to an input of the third current mirror 34 at node 
35. 

The third current mirror 34 comprises third and fourth pnp transistors 46 and 48. The third transistor 46 
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is coupled as a diode. The emitter electrode of the third transistor 46 is coupled together with the emitter elec­
trode of the second transistor 48 to the positive supply line 40 and the base electrodes of the third and fourth 
transistors are coupled together. The collector electrode Of the third transistor 46 forms the input of the third 
current mirror 34 and the collector electrode of the fourth transistor 48 forms the output Of the third current 
mirror 34 which Is coupled to the Input node 29. 

Elementary analysis will show that if the current gains of the mirrors 30, 32 and 34 are M1, M2 and M3 
respectively, then the overall current gain, that is the ratio of the output current 12 to the Input current 11, of 
the circuit 28 wm be given by: 

12 - M1 (1 + M2} (2) ;;- - 1 + M1M2M3 
If the gains of the pnp and npn current mirrors are respectively, 

1 (3) 
1 + 2/f:)p 

arid 
1 (4) 

1 + 2/Ptl 
then the overall gain Of the circuit is: 

(1 + ~Il :p) + 
.!2. .. 2 ( 5) 
I1 l+( l + .1} + 2f 

1311 (3p 

Rearranging this equation gives: 

30 '.i· 

!Z. -It 
l 

( 6) 

35 1 + 2 

1 

1 + 2 (I fp" ~11 + 

(7) 

45 Thus, the gain error is reduced, compared with the slmple mirror (equation (1)) by a factor, 

8tJ 8tJ (8) 
Pt1 + PP 

It will be seen by inspection of Figure 3 that ariy variations In the voltage applied at the output node 31 
appear only between the emitter and collector terminals Of transistors 38 and 44. The gains M1, M2 of the first 

60 30 and second 32 current mirrors respectively are consequently modified, by the Early effect, In response to 
the voltage applied at the output node 31, causing the circuit to have a finite output impedance. Referring to 
equation 2, and assuming the current mirrors to have unity nominal gain (I.e. M1, M2, M3=1) as In the preferred 
embodiment, It wlll be aeen that variations In M2 have llttle effect on the overall gain which varies however 
according to approximately half the variation In M 1. It therefore follows that the output Impedance of the circuit 

55 is approximately twice that of the impedance of the ·first current mirror 30. Since the first current mirror 30 
operates at approximately one half of the Input current 11 as do the second and third culT9nt mirrors 32 and 
34, it follows that the output Impedance of the current mirror circuit 28 will be approximately four times that of 
a simple current mirror 2 shown In Figure 1. 
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The current mirror circuit according to the present invention Is unconditionally stable since the open loop 

gain of the feedback loop Is unity. In addition, there are no slew-rate problems since all the devices operate 

at approximately half the input current. 
In summary, the present Invention provides a current mirror circuit requiring low Input voltages and having 

a high output Impedance. The feedback arrangement of the Invention reduces the gain error and thus provides 

for an Improved current mirror circuit wherein the output current will more accurately mirror the Input current. 

It wlll be appreciated by those skilled In the art that although the Invention has been described wherein 

the first and third current mirrors are of pnp type and the second current mirror Is of npn type, the Invention 

may be realised equally with the pnp current mirrors replaced by npn current mirrors.and the npn current mirror 

with a pnp current mirror. 

Claims 

1. A current mirror circuit comprising: 
an input node (29); 
a first simple current mirror (30) of a first semiconductor type having an Input coupled to said Input 

node (29) and an output (33) 
a second simple current mirror (32) of a second semiconductor type having an Input coupled to 

said output (33) of said first simple current mirror and an output; 
a third simple current mirror (34) of said first semiconductor type having an Input (35) coupled to 

said output of said second simple current mirror; and 
an output node (31) coupled to said second simple current mirror (32) so as to receive the sum of 

the Input and output currents of said second simple current mirror (32) flowing In a common terminal (37) 

thereof, the current mirror circuit characterised in that the third simple current mirror (34) has an output 

coupled to said input node (29). 

2. A current mirror circuit according to claim 1 wherein said second simple current mirror (32) comprises 

first (42) and second (44) transistors having a common base electrode, the collector electrode of said first 

transistor (42) Is coupled to said common base electrode and forms the Input of said second simple current 

mirror, the collector electrode of said second transistor (44) forms the output of said second simple current 

mirror, and the emitter electrodes of said first and second transistors are coupled together to said common 

terminal (37), which Is coupled to said output node of said current mirror circuit 

35 3. A current mirror circuit according to claim 1 or 2 wherein said first simple current mirror (30) comprises 

third (36) and fourth (38) transistors having a common base electrode, the collector electrode of said third 

transistor (36) Is coupled to said common base electrode and forms the Input of said first simple current 

mirror, the collector electrode of said fourth transistor (38) forms the output of said first simple current 

,,_, mirror, and the emitter electrodes of said third and fourth transistors are coupled together to a first ref-

40 erence potential line (40). 

60 

4. A current mirror circuit according to claim 1, 2 or 3 wherein said third simple current mirror (34) comprises 

fifth (46) and sixth (48) transistors having a common base electrode, the collector electrode of said fifth 

transistor (46) Is coupled to said common base electrode and forms the input of said third simple current 

mirror, the collector electrode of said sixth transistor (48) forms the output of said third simple current 

mirror, and the emitter electrodes of said fifth and sixth transistors are coupled tog et her to a first reference 

potential line (40). 

5. A current mirror circuit according to claim 1, 2, 3 or 4 wherein said first semiconductor type comprises 

npn bipolar technology and said second semiconductor type comprises pnp bipolar technology. 

8. A current mirror circuit according to claim 1, 2, 3 or 4 wherein said first semiconductor type comprises 

pnp bipolar technology and said second semiconductor type comprises npn bipolar technology. 

55 Patentanspriiche 

1. Ein Stromspiegelschaltkreis umfassend 

4 



·· ... :-· .. '·~~- --·~··· .. :.:._·:~1': :·.: .. ~ - •..• :.:.:-··-·,._ .. ...., ... _ ....... _. 

I 111111111111111111 1111111 llll 
* C L M S * 

EP 0 419 819 81 

The current mirror circuit according to the present invention Is unconditionally stable since the open loop 

gain of the feedback loop is unity. In addition, there are no slew-rate ·problems since all the devices operate 

at approximately half the input current. 
In summary, the present invention provides a current mirror circuit requiring low Input voltages and having 

5 a high output Impedance. The feedback arrangement of the Invention reduces the gain error and thus provides 

tor an Improved current mirror circuit wherein the output current will more accurately mirrorthe Input current. 

It will be appreciated by those skilled In the art that although the Invention has been described wherein 

the first and third current mirrors are of pnp type and the second current mirror Is of npn type, the Invention 

may be realised equally with the pnp current mirrors replaced by npn current mirrors.and the npn current mirror 

10 with a pnp current mirror. 
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Claims 

1. A current mirror circuit comprising: 
an Input node (29); 
a first simple current mirror (30) of a first semiconductor type having an input coupled to said Input 

node (29) and an output (33) 
a second simple current mirror (32) of a second semiconductor type having an Input coupled to 

said output (33) of said first simple current mirror and an output; 

a third simple current mirror (34) of said first semiconductor type having an input (35) coupled to 

said output of said second simple current mirror; and 
an output node (31) coupled to said second simple current mirror (32) so as to receive the sum of 

the Input and output currents of said second simple current mirror (32) flowing in a common terminal (37) 

thereof, the current mirror circuit characterised in that the third simple current mirror (34) has an output 

coupled to said input node (29). 

2. A current mirror circuit according to claim 1 wherein said second simple current mirror (32) comprises 

first (42) and second (44) transistors having a common base electrode, the collector electrode of said first 

transistor (42) Is coupled to said common base electrode and forms the Input of said second simple current 

mirror, the collector electrode of said second transistor (44) forms the output of said second simple current 

mirror; and the emitter electrodes of said first and second transistors are coupled together to said common 

terminal (37), which is coupled to said output node of said current mirror circuit 

3. A current mirror circuit according to claim 1 or 2 wherein said first simple current mirror (30) comprises 

third (36) and fourth (38) transistors having a common base electrode, the collector electrode of said third 

transistor (36) is coupled to said common base electrode and forms the Input of said first simple current 

mirror, the collector electrode of said fourth transistor (38) farms the output of said first simple current 

mirror, and the emitter electrodes of said third and fourth transistors are coupled together to a first ref­

erence potential line (40). 

4. A current mirror circuit according to claim 1, 2 or 3 wherein said third simple current mirror (34) comprises 

fifth (46) and sixth (48) transistors having a common base electrode, the collector electrode of said fifth 

transistor (46) Is coupled to said common base electrode and forms the Input of said third simple current 

mirror, the collector electrode of said sixth transistor (48) farms the output of said third simple current 

mirror, and the emitter electrodes of said fifth and sixth transistors are coupled tog et her to a first reference 

potential line (40). 

5. A current mirror circuit according to claim 1, 2, 3 or 4 wherein said first semiconductor type comprises 

npn bipolar technology and said second semiconductor type comprises pnp bipolar technology. 

8. A current mirror circuit according to claim 1, 2, 3 or 4 wherein said first semiconductor type comprises 

pnp bipolar technology and said second semiconductor type comprises npn bipolar technology. 

SS Patentanspruche 

1. Ein Stromspiegelschaltkreis umfassend 
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einen Eingangsknoten (29); 
elnen ersten einfachen Stromsplegel (30) elnes ersten Halbleltertyps, der einen mit df.!m genannten 

Eingangsknoten (29) gekoppelten Eingang und einen Ausgang (33) aufweist; 
elnen zwelten, einfachen Stromsplegel (32) elnes zwelten Halbleltertyps, der elnen mit dem ge­

nannten Ausgang (33) des genannten ersten, einfachen Stromspiegels gekoppelten Eingang und einen 

Ausgang aufweist; 
einen drltten, einfachen Stromspiegel (34) des genannten ersten Halbleitertyps, der einen mlt dem 

genannten Ausgang des genannten zwelten, elnfachen Stromsplegels gekoppelten Elngang hat; und 

einen Ausgangsknoten (31), der mlt dem genannten zweiten, elnfache11 Stromspiegel (32) gekop­

pelt 1st, damlt er die Summe des Elngangsstroms und des Ausgangsstroms des genannten zweiten eln­

fachen, Stromsplegels (32) erhilt, der In eine gemelnsame Klemme (37) desselben flleBt, wobel der 

Stromsplegelschaltkrels dadurch gekennzelchnet 1st, daB der drltte, elnfache Stromspiegel (34) elnen mlt 

dem genannten Eingangsknoten (29) gekoppelten Ausgang hal 

15 2. Eln Stromspiegelschaltkrels gemiB Anspruch 1, bel dem der genannte zweite, elnfache Stromspiegel (32) 

umfaBt einen ersten (42) und elnen zwelten (44) Translator, die elne gemeinsame Baslselektrode haben, 

wobel die Kollektorelektrode des genannten ersten Transistors (42) mlt der genannten gemeinsamen Ba­

siselektrode gekoppelt ist und den Eingang des genannten zweiten, einfachen Stromspiegels blldet, die 

Kollektorelektrode des genannten zweiten Transistors (44) den Ausgang des genannten zweiten, einfa-

20 chen Stromspiegels bildet und die Emitterelektroden des genannten ersten und zweiten Transistors zu­

sammen mit der genannten gemelnsamen Klemme (37) gekoppelt sind, die mit dem genannten Ausgangs­

knoten des genannten Stromspiegelschaltkreises gekoppelt ist. 
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3. Ein Stromspiegelschaltkreis gemiB Anspruch 1 oder 2, bei dem der genannte erste, einfache Stromsple­

gel (30) umfaBt einen drltten (36) und vierten (38) Transistor, die elne gemelnsame Basiselektrode haben, 

wobel die Kollektorelektrode des genannten dritten Transistors (36) mlt der genannten gemeinsamen Ba­

siselektrode gekoppelt istund den Eingang des genannten ersten, einfachen Stromspiegels blldet, die Kol­

lektorelektrode des genannten vierten Transistors (38) den Ausgang des genannten ·ersten, elnfachen 

Stromspiegels bildet und die Emltterelektroden des genannten drltten und vlerten Transistors zusammen 

mit einer ersten Bezugspotentlalleltung (40) gekoppelt sind. 

4. Eln Stromspiegelschaltkrels gemiB Anspruch 1, 2 oder 3, bel dem der genannte dritte, elnfache Strom­

spiegel (34) einen ffinften (46) und einen sechsten (48) Transistor umfaBt, die eine gemeinsame Basls­

elektrode haben, wobel die Kollektorelektrode des genannten ffinften Transistors (46) mit der genannten 

gemeinsamen Baslselektrode gekoppelt 1st und den Elngang des genannten drltten, elnfachen Stromspie­

gels bildet, die Kollektorelektrode des genannten sechsten Transistors (48) den Ausgang des genannten 

dritten, einfachen Stromspiegels bildet und die Emitterelektroden des runften und des sechsten Transi­

stors zusammen mit einer ersten Bezugspotentlalleitung (40) gekoppelt sind. 

5. 

6. 

Ein Stromspiegelschaltkreis gemilB Anspruch 1, 2, 3 oder 4, bei dem der genannte erste Halbleitertyp 

eine npn bipolare Technologie und der genannte zweite Halbleitertyp eine pnp blpolare Technologle um­

faBt. 

Ein Stromspiegelschaltkrels gemiP.. Anspruch 1, 2, 3 oder 4, bel dem der genannte erste Halbleitertyp 

eine pnp bipolare Technologie und der genannte zweite Halbleltertyp eine npn blpolare Technologie um­

faBl 

Revendlcatlons 

50 1. Circuit miroir de courant comprenant: 
un noeud d'entrlte (29); 
un premier mlrolr de courant simple (30) d'un premier type de semiconducteur comportant une en­

trlte couplee audit noeud d'entree (29) et une sortie (33) ; 

un second mirolr de courant simple (32) d'un second type de semlconducteur comportant une en­

trlle coupl6e i.t ladlte sortie (33) dudlt premier miroir de courant simple et une sortie i 

un troisi•me mirolr de courant simple (34) dudlt premier type de semiconducteur comportant une 

entree (35) coup16e ii ladlte sortie dudlt second mlrolr de courant simple ; et 
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un noeud de sortie (31) couple audit second mirolr de courant simple (32) de maniere a recevoir 
la somme des courants d'entr6e et de sortie dudlt second mlroir de courant simple (32) circulant dans 
une borne commune (37) de celui-cl, le circuit miroir de courant 6tant caract6ris6 en ce que le trolsieme 
mirolr de courant simple (34) comporte une sortie couplee audit noeud d'entr6e (29) • 

2. Circuit mirolr de courant selon la revendication 1, dans lequel ledit second miroir de courant simple (32) 
comprend des premier (42) et second (44) transistors comportant une electrode de base commune, 1'61ec­
trode de collecteur dudlt premier transistor (42) est couplee a ladlte 61ectrode de base commune et forme 
l'entree dudlt second mlrolr de courant simple, 1'61ectrode de collecteur dudlt second transistor (44) forme 
la sortie dudlt second mirolr de courant simple etles 61ectrodes d'emetteur desdlts premier et second tran­
sistors sont coupl6es ensemble a ladlte borne commune (37), laquelle est coupl6e audit noeud de sortie 
dudlt circuit mlroir de. courant 

3. Circuit mlroir de courant selon la revendlcatlon 1 ou 2, dans lequel ledlt premier mlrolr de courant simple 
(30) comprend des trolsl6me (36) et quatrieme (38) translators comportant une electrode de base commu­
ne, 1'61ectrode de collecteurdudlt trolsieme transistor (36) eat coupl6e a ladlte 61ectrode de base commune 
etforme l'entree dudlt premier mlrolr de courant simple, I' electrode de collecteur dud It quabieme transistor 
(38) forme la sortie dudit premier miroir de courant simple et les 61ectrodes d'emetteur desdlts troisl6me 
et quabieme transistors sont coupl6es ensemble a une preml6re llgne de potentlel de rMerence (40). 

4. Circuit miroir de courant selon la revendication 1, 2 ou 3, dans lequel ledit troisl6me miroir de courant sim­
ple (34) comprend des clnqul6me (46) et sbdeme (48) transistors comportant une 61ectrode de base 
commune, 1'61ectrode de collecteur dudlt clnqul8me transistor (46) est coupl6e a ladlte electrode de base 
commune et forme l'entree dudlt troisieme miroir de courant simple, I' electrode de collecteur dudit slxieme 
transistor (48) forme la sortie dudit troisieme mirolr de courant simple et les eiectrodes d'6metteur desdlts 
clnquleme et six18me transistors sont coupl6es ensemble a une premiere llgne de potentlel de r6f6rence 
(40). 

5. Circuit miroir de courant selon la revendlcatlon 1, 2, 3 ou 4, dans lequel ledit premier type de semicon­
ducteur comprend une tachnologie blpolalre NPN et ledit second type de semiconducteur comprend une 
technologle bipolalre PNP. 

8. Circuit mlrolr de courant salon la revendlcation 1, 2, 3 ou ·4, dans lequel ledit premier type de semicon­
ducteur comprend une technologie blpolalre PNP et ledit second type de semiconducteur comprend une 
tec~nologle blpolalre NPN. 
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