DUAL-OPA COIL DRIVER FOR HEAT DISSIPATION OF SOC’S?!
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ABSTRACT

A coil driver consisting of dual operational amplifiers (OPAs)
implemented on a chip for driving heat-sinking fans or mi-
cro motors is presented in this paper. The two OPAs
employ the modified class AB push-pull output stage to
generate an output current which lags the output voltage
by 90° when an inductive load is to be driven. This de-
sign is implemented by using a 1P6M 0.18um CMOS pro-
cess. Moreover, the isolation technique for pnp type BJT
is utilized such that this circuit is able to be integrated in
an SOC (system-on-a-chip) or SOP (system-on-a-package).
Therefore, the direct control of a heat-sinking fan or motor
can be directly driven by the SOC itself without using any
extra circuitry or chip. The simulation result verifies that
the proposed circuit works correctly at all PVT corners.
The worst output current is found to be 20.9 mA at the
corner, [VDD = 2.97 V, temp. = 0°C, SS model].
Keywords : coil driver, SOC, class AB, push-pull, motor,
heat-sinking

1 Introduction

Due to the rapid advancing of modern technology, mo-
tors become basic devices in a variety of common appli-
cations, especially for the heat-sink fans or micro motors.
Massive number of discrete elements are required on a PCB
to drive the motors or fans to resolve the heat problem,
e.g., power BJT, MOS, and large passive R, C elements.
Not only they consume a great portion of power, they also
occupy a very large area on the PCB. With the develop-
ment of sub-micro technologies and SOC, we tend to ex-
plore the feasibility of driving the heat-sinking fans by the
SOC itself. In order to drive these fans or micro-motors,
we need a coil driver implemented on the SOC to sup-
ply the required current for the equivalent inductive load.
Lots of piror works, which utilized the big sized BJT to
provide large output currents, can not be easily integrated
to drive the micro motors on silicon. Thus, we design the
dual OPAs for the coil driver to be used in SOC designs.
Besides, the output amplifiers of the coil driver in a lot
of prior researches were based on the class AB push-pull
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complementary output stage, [1], [2], [3], [4], which could
not generate the output current and output voltage which
are 90° out of phase at the presence of an inductive load.
Hence, we utilize a modified output stage in the dual OPAs
to resolve this difficulty [6].

2 The Coil Driver for SOCs

The basic requirement of the coil driver for SOC is us-
ing two modified OPAs with a switching class AB push-pull
complementary output stage, which produces the output
current having 90° out of phase with the output voltage for
the inductive load. The second requirement is the magni-
tude of the output current should be at least in the range
of 10 ~ 100 mA to drive a fan like [7].

2.1 Traditional OPA

Fig. 1 shows the traditional OPA with the class AB
push-pull complementary output stage [5]. The diode D13,
the resistor R11, and the transistor Q14 constitute a cur-
rent source to bias transistors Q11 and Q13 in the class AB
output stage. A composite pnp Darlington pair is com-
posed of Q11 and Q12, as shown in Fig. 2, which turns
into a push-pull output stage with transistor Q13. The two
diodes, D11 and D12, are used to supply the required base-
emitter voltage and emitter-base voltage for the transistor
Q13 and the pnp Darlington pair comprising Q11 and Q12,
respectively.

When the OPA operates in the negative feedback con-
figuration with an inductive load, the input signal Vjp: is
amplified by the differential input stage to drive the emit-
ter follower, Q15, such that the voltages V,1 and V1 are
in phase with Vjp1 and Voye1. Therefore, Q13 is turned on
at the positive half-cycle of Voyut1. However, the output
current would change its direction from Ipp; to Ipa; in
this half-cycle resulting in Iop1 to pass through Q11 and
Q12 which are turned off if an inductive load is connected,
as in the phase A in Fig. 3. Similarly, Ipa1 would flow
through Q13 while Q13 is off because Voy41 is in its neg-
ative half-cycle, as in the phase C shown in Fig. 3. The
exact 90° phase lag between the output voltage and the
output current is not feasible by this circuit.



2.2 The coil driver

In order to resolve this problem, we present a coil driver
which would change the current direction appropreiately
for the inductive load. Referring to Fig. 4, the coil driver
is composed of two negative feedback operational ampli-
fiers OPA3 and OPA4 which possess a modified push-pull
output stage. The input signals, Vi3 and Vp3, where Vi3
is the inversion of V.3, are applied to the positive nodes
of OPA3 and OPA(4, respectively. The negative nodes of
OPA3 and OPAA4 receive a reference voltage via the neg-
ative feedback resistor networks composed of R33~R36.
Verer is fed into these two resistor networks to provide
the required reference voltage. A control signal V3, which
determines whether the positive half cycle (Ves=1) or the
negative half cycle (Vo.3=0) of V3 is served, is fed into
OPA3 and OPA4 to control switches in OPA3 and OPAA4.
Thus, OPA3 and OPA4 work in a complementary manner
and generate the output currents, Ip a3 and Iops, or Iops
and Iocs, respectively. Notably, the inductive load L is
connected between V3 and Vons.

2.3 The modified OPAs

Fig. 5 shows the schematic of OPA3 and OPA4 in Fig. 4.
We adopt the OPA using a modified push-pull output stage
for an inductive load [6]. Referring to Fig. 5, Q41-Q44 and
I4c4 constitute an input differential stage. The emitter fol-
lower Q45 and the common-emitter amplifier Q46 are used
to generate a signal V,2 with an appropriate DC voltage
level and a voltage swing range for the push-pull pair Q24
and Q25. The two switches S1 and S2, and the transistors
Q21, Q22, QD21, and QD22, constitue the first switching
circuit to change the output current direction when the
output signal is in its positive half cycle. Moreover, QD21,
and QD22 are treated as the diodes with a turn-on volt-
age equal to the emitter-base forward voltages of Q21, and
Q22 respectively. On the other hand, transistors Q23 and
QD23, and the switch S3 form the second switching circuit
which operates during negative half cycle.

The OPA operates in four modes in respective four
phases in Fig. 3, to supply different combinations of output
voltage and current to the inductive load. The operation
is described as follows:

Phase A : When the output voltage is at the positive half
cycle, S1 and S2 are turned on by the signal V.3 such that
the first switching circuit is in action. The signal Vg2 is
designed to turn on the transistor Q22 resulting in Q25
to be turned on when V,5 is smaller than V3. Thus, the
output current Ipps is generated.

Phase B : Once the signal Vg2 is higher than the voltage
Vb2 which is Vousz + |VBE|, the first switching circuit is
turned off. Simutaneously, Q24 is turned on because Vg2
is larger than Voui2 + |Vegr|. Thus, the output current
Ip a2 is generated.

Phase C : If the output volatge is at its negative half cycle,
S1 and S2 are turned off and S3 is turned on by the control
signal V3. Therefore, the second switching circuit is active
and the first switching circuit is deactivated. Initially, Q24
is still turned on because V2 is large enough to maintain
the output current Ipas.

Phase D : When V,,+> reaches its negative peak value,
the signal V,o drops such that Q24 is off and the current
through QD23 is decreased. It results in that the current
I3 is applied to the base current of the transistor Q23.
Then, the Darlington pair is turned on and the output
current change to be Iopa.

The above operation ensures that there is a 90° phase
difference between the output voltage and the output cur-
rent which is adequate to drive an inductive load.

3 Implementation and Simulation

To apply to SOC applications and facilitate the reduc-
tion of the cost as well as the area, this circuit is imple-
mented by using TSMC 0.18 pym 1P6M CMOS process.
However, because only two models of BJT are available in
the mentioned process, the design becomes very difficult
to carry out on silicon. Moreover, the collector of the pnp
type BJT in the CMOS process would be connected to the
P-substrate inherently such that it is not so straight for-
ward to be integrated, as shown in Fig. 6. However, the
deep NWELL (DNW) is available in the mentioned pro-
cess. Thus, we propose to utilize NWELL and DNW to
isolate the collector of pnp type BJT and the P-substrate
ground, as shown in Fig. 7, to resolve the integration prob-
lem.

The layout of the proposed design is shown in Fig.
8 and the core area is 1074.2 x 1341.5 pm? A 2 KHz
input signal are applied to V,3 and the load inductor is
set to be 1.5 mH to reduce the simulation time. Referring
to simulation results in Fig. 9, the output voltage Vop3
leads 90° phase to I,3. Moreover, V,p3, Vons and V,3 vary
between 0.894 V and 1.735 V because R33~R36 are chosen
to be the same. Besides, I,3 is from -48.8 mA to 48.8 mA
which is adequate to drive the fan like [7]. The output
current I,3 has at lowest 20.9 mA amplitude at the worst
case of [VDD=2.97 V, temp,=0°C, SS model], as shown in
Fig. 10. The specifications of this design are summarized
in Table 1.

4 Conclusion

We have presented dual OPAs for a coil driver to drive
micro motors in this paper. This design is implemented
by using TSMC 0.18 pm 1P6M CMOS process and the
isolation techique for the inegration of pnp type BJT such
that it is able to be feasible for SOC designs. This circuit
is verified by using HSPICE simulator at all PVT corners.
The output current is simulated to be 20.9 mA in the worst
case.
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Output voltage

0.894 ~ 1.735 V

Output current > 20.9 mA
Inductive load 1.5 mH
Power consumption < 190.8 mW
@ [3.63 V, 50°C, FF]
Io3 =61.3mA

Table 1: Specifications of the proposed coil driver.

Figure 1: OPA with traditional class-AB push-pull

output stage.
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Figure 2: The Darlington pair and its equvalent pnp
transistor.
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Figure 3: Voltage and the associated current for the
inductive load.
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Figure 4: Schematic of the coil driver.
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Figure 5: The modified OPA.
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Figure 6: Cross-section view of original pnp type BJT.
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Figure 7: Cross-section view of the isolated pnp type
BJT.
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Figure 8: Layout of the proposed design.
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Figure 9: Simulation of Vg3, V,p3, Vons, 103, and Ves.
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Figure 10: The output current I,3 in the worst PVT
corner.



