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(High-linearity voltage-controlled current source circuits with wide
range current output)
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Abstract

High-linearity voltage—controlled current sources (VCCSs) circuits for wide voltage—controlled oscillator and automatic

gain control are proposed. The VCCS consists of emitter follower for voltage input, two common-base amplifier which
their emitter connected for current output, and current mirror which connected the two amplifier for large output current.
The VCCS used only five transistors and a resistor without an extra bias circuit. Simulation results show that the VCC5
has current output range from OmA to 300mA over the control voltage range from 1V to 4.8V at supply voltage 5V. The
linearity error of output current has less than 1.4% over the current range from OA to 300mA.
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Fig. 1. Circuit diagrams of conventional voltage-controll

ed current source (VCCS); (a) basic current
source, (b) current source for high current
output.
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Fig. 2. Circuit diagrams of conventional voltage—con

trolled current sinks (VCCS) ; (@) basic®
current sink, (b) current sink for high current
output.
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Table. 1. Transistor Model parameters of Q2N3906(pnp)

and Q2N3904(npn).

model Q2N3906 PNP( Is=141f Xti=3 Eg=1.11 Vaf=18.7
Bf=180.7 Ne=15 Ise=0 Ikf=80m Xtb= 1.5 Br=4.977 Nc=2 Isc=0
Tkr=0 Rc=25 Cjc= 9.728p Mjc=5776 Vjc=.75 Fc=.5 Cje=8.063p
Mje =.3677 Vje=75 Tr=3342n Tf=179.3p Itf=4 Vtf =4 Xtf=6
Rb=10)

model Q2N3904 NPN( Is=6.734f Xti=3 Eg=1.11 Vaf=74.
Bf=4164 Ne=1259 Ise=6.734f Ikf=66.7 8m Xtb=15 Br=7371
Ne=2 Isc=0 Ikr=0 Rc=1 Cjc=3.638p Mjc=.3085 Vjc=.75 Fc=5
Cje=4.493p Mje=.2593 Vie=.75 Tr=239.5n T{=301.2p Itf=.4 Vtf=4
Xtf=2 Rb=10)
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Fig. 4. Controi-voltage versus output current when
current source has R, = 10002 (Fig. 1) and R, =
5002[Fig. 3(a)l in the current source circuits.
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Table 2. Comparison of theory with practice for controll
ed-voltage ranges.
2 AE AFEEAA 02
22| BAR | SR EE Vo we
o] &3k 12V ~ 48V
R, =500
ag [ A8247% | 10V ~ 48V
3@ | . =50 o] E# 12V ~ 48V
' PEE L7V ~ 48V
o] &%t 02V ~ 38V
R, =500
ag | 2945 | 019V ~ 40V
3b) | R. =50 ol & 02V ~ 38V
' AQAF | 019V~ 35V
E 3 E£HME Hoiged wE MH 44| EY
Table 3. Characteristics of power dissipation .for control
ranges of output currents.
A9 [R, = 10042
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(28 3d HE 7IFE]
29 1(a) 2.1mA~45mA 25mW
I 1b) 1.5mA ~35mA 175mW
a9 3(a) 0.2mA ~39mA 30mW
a9 2(a) 21mA~40mA - 256mW
a3 2(b) 1.5mA~32mA 160mW
a3 3(b) 0.2mA ~39mA 330mW
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