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Current source with a wide range of output voltages. 

The.present invention relates to a current source having a wide range of 

output voltages, in·"which source the emitter-collector path of a main transistor, arranged 

to define the value of the current of the current source, iS' arranged in series with the 

emitter-collector path of at least one output transistor. 

By arranging at least one output transistor in series it is possible to obtain 

output voltages higher than those normally attainable with the.I.C. fabrication process 

for a transistor but the maximum output voltage then differs substantially from the 

available supply voltage, which difference increases when the number of output 

transistors is larger. · 

10 The invention proposes a current source of the type defined in the opening 

paragraph, whose current is comparatively large and which can operate at output 

voltages ranging between one collector-emitter voltage of an output ~sistor in the . 

saturation mode V C&at and a value as close as possible to the supply voltage. 

The principle underlying the invention is to combine each output transistor 

15 with an associated control transistor of the opposite type whose emitter potential is fixed 

by Coupling this control transistor to another stage, and to operate the output transistors 

in the BV coo mode for low output voltages. 

The current source in accordance with the invention is therefore 

characterized in that it comprises n output transistors, where n ~ 2, the first output 

20 transistor having its collector connected to the emitter of the main transistor, the pt' 

transistor, where 1 < p ~ n, having its collector connected to the emitter of the :· 

(p - 1)~ transistor, the emitter of the nth transistor constituting the output of the current 

source;· and in that every qth output transistor is associated with ·.a qlh control transistor of 

the opposite type, whose base includes at least one diode poled in the forward direction 

25 and referred to a qlh reference potential, whose collector is connected to the ba.se of the 

corresponding qlh output transistor, and whose emitter is connected to the collector of 

the (q - r)lh output transistor if q > rand to the collector of the main transistor as well 

as to a supply voltage source if q s r, where r > 1. 
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In a preferred embodiment r is smaller than or equal to the whole part of 

b minus one, b being the ratio between the BV CEO values of the npn and pnp 

transistors, for example r = 2 and p = 5. 

In an advantageous embodiment said reference potentials are each fixed at 

5 the maximum value corresponding to the minimum possible values for the collector-

10 

emitter voltages of the' output transistors in the saturation mode V CE.at· ·• 

The invention will be more fully understood upon peruSal of the following 

defcription, given by way of non-limitative example, with reference to the drawings, in 

which: 

- Figures 1 to 3 by way of illustration show test circuits not previously 

published by the Applicant, 

- Figure 4 shows an embodiment of the invention. 

In Figure 1 a pnp-type main transistor T0 has its emitter coupled to a 

supply voltage source V c Via a resistor Ro and has its collector connected to the emitter 

15 of a transistor T1 whose collector is connected to the emitter of a transistor T2• The 

20 

transistors T1 and T2 have their bases connected to two diodes in series, which diodes 

(Dh D' 1) and (D2, D' J are poled in the forward direction and serve to ensure that the 

transistors T1 and T2 are operated in the BV CEO mode for low levels of the output 

voltage V,. 

It is to be noted that US Patent 3,940,683 discloses a circuit of different 

design,' consisting of a current source comprising cascaded transistors in which only the 

main transistor includes a diode poled in the forward direction in its base. 

The number of diodes needed is dictated by the values of the voltages to 

be handled by these diodes. For this purpose the cathodes of the diodes D' 1 and D' 2 

25 (points A and B, respectively) are brought at potentials determined by current sources 

(T"h R"1) and ('1'"2, R"i), respectively, and by the values of the resistors R1 and.R.2, 

which are respectively arranged between points A and B and the common mode 

terminal. ., 

A transistor T3 having its base and collector short-circuited and 

30 cooperating with a current source I3 constitutes a conventional current mirror with the 

transistors T0, T" 1 and T" 2• The output voltage Vs is available on the collector of the 

transistor T2• This output voltage varies depending on the load applied to the collector 

of the transistor T2• 
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When the output voltage Vs is low (for example of the order of 0.7 V) the 

transistors T1 and T 2 will operate in the BV coo mode, while the transistor T 0 remains in 

a normal mode of operation. When the output voltage Vs approximates to the value of 

the supply voltage Ve (for example 30 V) the transistors Th T2 and T3 will operate in 

5 the saturation mode. 

10 

The problem of this circuit arrangement is that it is difficult to reali.Ze 

integrated pnp transistors supplying a collector current which is large enough for certain 

uses, ·ifor example 1 mA for driving a varicap diode of a tunenin a radio or TV 

receiver. 

In Figure 2 this current problem is solved by employing cells comprising 

a pnp transistor and_ an npn. transistor. The collector current of the pnp transistor is 

divided by the current gain (j of the associated npn transistor, which itself can supply an 

adequate current. -

In Figure 2 each cell comprises an npn transistor (T 10 ••• T 15) and a pnp 

15 transistor (T' 10 ••• T' 15), the collector of the pnp transistor being connected to the base of 

the npn transistor and the emitter of the pnp transistor being connected to the collector 

of the npn transistors. This type of cell, for use in current sources, is known per se 

from GB 1,285,621 (Fig. 9) or German Patent Application DE-OS 2,157,626 or 

DE-OS 2,738,205. The transistors T'11 to T' 13 have diodes D1h Dm D13, D14 and D'14, 

20 D15 and D' 15, respectively, which are poled in the forward direction, connected to their 

bases and\ each referred to a given fixed potential. Transistors T 16 «tld T 17 are arranged 

to form a current mirror with the transistor T1o-

Thus, three pnp transistors have been replaced by six cells because the 

BV coo of an npn transistor is smaller than that of a pnp transistor, in the present 

25 example by a factor of approximately 3. 

The problem of this arrangement is that as Vs, i.e. the output voltage 

available on the emitter of Tm increases its maximum value V _ is limited to 

Ve'·s,. 6VB&pa - 6V cewpap 

where 

30 V BP.npn = base-emitter voltage of an npn transistor = 0. 8 V, 

VP = V CEutpap = the emitter-collector voltage of a saturated pnp transistor = 0.1 V, 

which means that 

v_ = Ve - 5.4 v. 
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Figure 3 relates to a circuit arrangement which enables this difference to 

be reduced and to be brought at approximately 6VCEsatnpn· In order to achieve this, the 

emitters of the transistors T' to to T' ts are no longer connected to the collectors of the 

transistors T to to Tis but are coupled to fixed reference potentials via resistors R' 10 to 

5 R'is· 

10 

For low output levels the transistor T' is should be operated fully in th~ 

BV coo mode and the emitter voltage of the transistor T' ts should be fixed at 

approximately · r 

v.{min) + VBP.apn + BV coo, v.{min) being the minimum value of the voltage v •• 

Conversely, for high output levels the collector voltage of the transistor 

T' 15 should be very close to V c· This implies inverse operation of this transistor and 

hence a limited use of this arrangement as regards the output levels. The 

circuit arrangement in accordance with the invention shown in Figure 4 comprises npn 

type transistors T30 to T3s whose collector-emitter paths are arranged in series in the 

15 same way as those of the transistors T10 to T15• 

A transistor T' 30 having its collector connected to the base of the transistor 

T30 and having its emitter connected to the supply voltage source V c is arranged as a 

conventional current mirror with the transistors T36 and T37• Transistors T' 31 to T' 35 

constitutiilg the control transistors associated with the output transistors T31 to T35 have 

20 their collectors connected to the bases of the transistors T31 to T35, respectively. The 

emitters .of the transistors T' 31 and T' 32 are connected to the supply voltage source V c, 

and the emitters of the transistors T'33 to T'35 are connected to the.collectors of the 

transistors T31 to T33, respectively. The bases of the transistors T'31 to T35 are connected 

to diodes ~h 0 32, 0 33 and 0'33, 0 34 and 0'34, 0 35 and 0'35, respectively, which diodes 

25 are poled in the forward direction and serve to enable operation in the BV CP.O mode in 

the case of low output voltages Vs on the emitter of the transistor T35• The base 

reference potential of the transistors T' 31 to T' 35 is detennined by current sources 

formed by the transistors T" 31 to T" 3s arranged as a current mirror with the transistors 

T36 and T37, and by four resistors R32 to R35 arranged in series. The resistors R32 to R34 

30 are arranged ~ parallel between the cathodes of the diodes D32 and D' 33 (points A' and 

B'), D' 33 and D' 34 (points B' and C'), D' 34 and D' 35 (points C' and D'), respectively. 

The resistor R35 is arranged between the cathode of the diode D' 35 and the common­

mode tenninal. 
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This arrangement corresponds to a situation in which 

Ve ~ 6 BV coo{npn) in order to ensure a stable voltage and for which: 

3BV coo(npn) = BV CBq{pnp). 

0331253 

For a low output voltage Vs the ratio b between the BV coo of the npn and 

5 pnp transistors enables the collector of a control transistor to be connected to that of an 
•:. 

output transistor which differs· by b ~ 1 = 2 places in rank. In general, it is possible to' · 

realize a shift by a number of ranking places equal to the maximum of (whole part of b) 

- 1, i.e. E(b)-1. 

For high output voltages the emitter potential of, for example, the 

10 transistor T' 35 is equal to the collector potential of the transistor T33, so that the 

drawback of the experimental circuit shown in Figure 3 is avoided, because the emitter 

\.._,: voltage of the transistors T' 33, T' 34 and T' 35 varies as a function of the output voltage 

v •. 
Moreover, a:s will now be shown, the maximum voltage available on the 

15 output is closer to Ve than in the experimental circuit shown in Figure 2. 

Let VBB be the base-emitter voltage of a transistor {approximately 0.7 V) 

Let Ya be the collector-emitter voltage of a saturated npn transistor. 

Let VP be the collector-emitter voltage of a saturated pnp transistor. 
l 

For high output voltages V, the transistors T30 to T35 and T' 30 to T' 35 are 

20 saturated. 

The emitter voltage of T30 can reach the value 

Ye - VP -VBB 

The emitter voltage of T31 can reach the. value 

Ye - VP - VD - VBB 

25 The emitter voltage of T32 can reach the value 

V - V - 2V - VB·B e p D 

The emitter voltage of T33 can reach the value 

~ v e - 2V p - 2V BB 

The emitter voltage ofT34. can reach the value 

30 Ve - 2VP - VD - 2VBB• 

The maximum output voltage Vs available on the emitter of the transistor 

T35 can reach the value 

Ye - 2VP - 2VD - 2VBB• 



.. 

\._,,· 

PHF 88.510 BP 6 0331253 

A method of fabricating bipolar integrated circuits, enabling analog and 

digital circuits to be integrated simultaneously, has for example the following 

characteristic values: 

Ve = 0.1 V VP = 0.1 V VBE =::: 0.8 V 
.:... 

5 BVCEO npn = 5 V BVCEOJ>np = 15 V 

The maximum permissible voltage is then: 

V. = Ve - 1.8 V. 

-i·;For the number of cascaded transistors in Figure 4 the circuit can be 

powered with 30 V, which for example enables a varicap diode to be operated between 

· 10 approximately 0. 7 V and 28 V. Since the diodes are formed by means of npn 

transistors, which can handle a maximum voltage of 20 V (operation in the BV CBO 

mode), the voltages to be handled being higher than said value for the pases of the 

transistors T' 33 to T' 35 , two diodes are required for these transistors. 

A requirement to be met is that the transistors T30 and T' 30 should not 

15 come into the avalanche region because these are the two transistors which limit the 

current. 

It is advantageous to provide the resistor bridge R32 to R35 in order to 

ensure that the base potential of the transistors T' 33 to T' 35 has the maximum value 

corresponding to the minimum possible value for the collector-emitter voltages o.f the 

20 transistors T30 to T32• The collector voltage of the transistor T31 is, for example, 

VB' + 3VnE, Ys· being the voltage on point B'. 

The potentials on paints A', C' and D' are referred to as VA', V c· and VD'· 

For example, following relationship may be used: 

Ve - VA' = Vn31 + VBB(T'31) 

25 where 

V D31 = voltage across the diode D31 

VB8(T'31) =base-emitter voltage of the transistor T'3i in the BVcoo region. 

The voltages on points B', C' and D' are then dictated, by the requirement imposed by 

the above relationship. 

30 Thus, the circuit shown in Figure 4 enables the advantages of the circuits 

shown in Figures 2 and 3 to be obtained without their drawbacks. The circuit shown in 

Figure 4 has the additional advantage that the difference between the collector currents 

of the transistors T30 and T35 is small in comparison with the situation in Figure 3, 
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because the currents drawn by the pnp transistors are re-injected into the npn 

transistors. 

0331253 

Another advantage of this circuit arrangement is that it can operate even 

in the case that the transistors T' 33 to T' 35 are in the BV coo mode, the main current 

5 being limited by the transistor T30• 
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CLAIMS: 

I lllllll llllll lllll lllll ll 1111 
* C L M S * 

1. A current source having a wide range of output voltages, in which source 

the emitter-collector path of a main transistor, arranged to define the value of the 

current of the current source, is arranged in series with the emitter-collector path of at 

least one output transistor, characterized in that it comprises n output transistors 

5 (T31-T35) ·of the npn type, where n ~ 2, the first output transistor (T31) having its 

collector connected to the emitter of the main transistor (TJO}, which is also of the npn 

type, the Pih. output transistor, where 1 < p < n, having its collector connected to the 

emitter of the (p - l)11a output transistor, the emitter of the nlh output transistor 

constituting the output of the current source, and in that every qdl output transistor 

10 {T31-T:u) is associated with a qlh control transistor {T'31 ••• T'35) ot"the opposite type, 

whose base includes at least one diode poled in the forward direction and referred to a 

qlh reference potential, whose collector is connected to the base of the qlh output 

transistor (T31.~. T35), and whose emitter is connected to the collector of the (q-r)lh 

output transistor if q > rand to the collector of the main transistor (TJO) as well as to a 

15 supply voltage source if q s r, where r ~ 1. 

2. A current source as claimed in Claim 1, characterized in that r < E(b )-1, 

E(b) being the whole part of the ratio between the BV CEO values of the npn and pnp 

transistors. 

3. A current source as claimed in Claim 2, characterized in that 

20 r = 2 and p = 5. 

4. A current source as claimed in any one of the Claims 1 to 3, 

characterized in that said reference potential is fix~ at the maximum value . 

Y corresponding to the minimum possible values for,the collector-emitter voltages of the 

output transistors in the saturation mode. 


