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Abstract :A new pixel driving circuit for active-matrix OLED (Organic Light Emitting Diode) on silicon
with three transistors is proposed. The circuit can solve the problem that traditional MO S current operat-
ing in the saturation region simply cannot handle very small OLED pixel currents (smaller than 1 BA) giv-
en the pixel areas. With software of H-spice, this new circuit and the conventional two-transistor pixel
driving circuit are simulated and compared. Simulation results show that this new proposed circuit is more
suitable for OL ED-omrsilicon to realize multiple gray levels.
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The OL ED-orr silicon (Organic Light Emitting

Diode on silicon) is a developing micro-display

on a voltage of 10V , the pixel current will not ex-
ceed 1.2 LA . This pixel current is not comparable

technology. It integrates OL ED devices with ma-
ture and inexpensive CMOS driving ICs and has al-
ready attracted much attention. Because of the sur
perior performances of OLED, such as fast re-
sponse , large view angle and low power consump-
tion, this micro-display technology is promising.
OLED is a
brightness is controlled by the current density.
The typical brightnesswoltage-current (BVI)
curve'! of OLED is showed in fig. 1. For OLED

pixels with an area of less than 1000 m’ working

self-lumine scence device. Its
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with the lar ge state-on current of traditional CMOS
CMOS device drives
OLED directly , driving current cannot change with

device. When traditional

gate voltage any more. To realize gray scale, very
small width-to-length ratio CMOS device is nee-
ded. The device size will be too large to fit in mi-
cro-display pixel area.

In literature[2], CMOS devices sub-threshold
current was used to drive OLED. It’s a good strat-
egy for OL EDron-silicon. But the pixel driving cir-

cuit” s complexity increases. Five transistors and
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Fig.1 BVIcurve of OLED pixels!!
two control signals are needed. Pixel circuit layout
size increases greatly. It ”s not practical to imple-
ment this circuit with submicron CMOS process
technologies for micro-display.

In this paper, a new three-transistor pixel
driving circuit is proposed , which uses two tran
sistors in series to supply OL ED with needed volt-
age. OLED s paralleled to one of those two tran-
sistors , and is not driven by CMOS device directly.
The large driving current of CMOS device is no
longer a problem. Gray scale can be easily realized

by this driving circuit.

1 The Proposed Three-Transistor

Pixel Driving Circuit

Fig. 2 (a) shows the proposed pixel circuit.
There are three transistors, a capacitor, a dataline
and a scan line. Compared with conventional two-
transistor pixel circuit® in fig. 2 (b) , only one
transistor Ps is added. Pi is still the passtran-
sistor , controlled by signal on scan line. P , isin
series with Ps and their gates are connected togeth-
er. Cis the storage capacitor. OLED is paralleled
to P3, and isn’t driven by P. completely. The
difference of P» and Ps; currents drives OLED.
That”s the main difference of these two pixel cir
cuits.

For circuit in fig. 2 (a) , when P> turns on,
OLED will turn on too , the voltage on OLED will
be Voo first , and then Ps turns on and circuit be-
comes stable. So thereis that :

Vseey (= Vo = Voeey ) > Vary (= Vary ) +
Vi == > Vepep (= Vo - Vom) < Vsarm (=

Vm by VG{P@) - Vi

(a) The propo sed three-transistor pixel driving circuit;
(b) Conventional two-transistor pixel driving circuit
Fig.2

P: is working in linear region. And it’s also
obvious that:

Vors (= Vses - O > Vsam (= Vses - Varp) - Vi

P: is working in saturation region. Here,Vs,
Va, Vb, Vs, and Vs with a subscript ‘(P,)” or
‘(Ps)” represent the woltage on P2 or Ps electrode
of source, gate, drain, sourcedrain, and source
gate respectively. Vam means the woltage on
OLED, and Vg is the absolute value of tran-
sistors’ threshold woltage. With the working re-
gion of P: and Ps obtained above , there is that:

Ie, = k(r) r,2(Vop - Vary - Vru -
é(VDD - VD(‘PZ))) (Voo - VD{PZ)) (D
I, = k( Ef) p, (Vsr) - Ve - Vou)? 2

Where ,k=1/2 1, Cox , and I, is the hole mob-
ility , Goxis the gate oxide capacitance per unit are-
a. And (W/L) with a subscript ‘P>" or “‘Ps’ re
presents width-to-length ratio of P> or Ps. With
OLED working current neglected , there is that Ig,

=1Is,

and with VS(PS) (= Vo = VD(PZ)) > VG{P3)
(=Var,y) +Vr, solving equation group (1) and
(2) , we get that:

Vo = Va(l - (?‘r)pzf[]_"W,)P2 +‘]§‘I)P3])+VTH+

(Voo - V) (EV) pz.f[(f) v, + (Lw) n, ] 3

Voep has a linear relationship with Vs (gate
voltage of P: and Ps) .

F Vo =10V, Vra =2 V, and considering the
low voltage loss of P-type pass-transi stor and that P,
and Ps must be on, Vowill vary fom?2 Vto 8 V 68:
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It is right in the woltage range when OLED
turns on. The width-to-length ratios of P and Ps
determine the OLED working range. To increase
this working range we can decrease (W/L)p, and
increase (W/L)r,. So small (W/L)er, and large
(W/L)», will be chosen. And the working range
can be properly adjusted according to the number
of gray levels.

Infig. 1, there is a quasi-linearity relationship
of current density and voltage (Vouen) when OLED
turns on. And the brightness of OLED is propor
tional to OL ED current density. So a quasi-lineari
ty gray scale can be realized by this three-transistor

pixel driving circuit.
2 Circuit Simulation with H-spice

D simulate the pixel dreuit , OL ED model for H
spice are needed. Here, the model™ in fig. 3 (a) is
used. A series resistor R connects with a diode D par-
alleled to a capacitor C And the OL ED model :

Yo r

Iouep = Is(e ™1 - 1) (5)
is based on wnventiomal diode exponential model,
where Is is reverse saturation current , nis nomideality
factor , Vris thermal voltage and R is the series resis
tor. Based on BVI curve of OLED in fig. 1, parame-
ters in formula (5) are obtained. For OL ED pixel with
an area of 30 >30 Em there is that :

I=5pF,n=25.5,R= (Vam/8) X (Vam/
10)"* X1.2 M9,

Goum =30 >X30 B’ X25 nF/cm’®! =0.225pF

The high value of n and R shows that this
model has no physical background. Itsapplicability
is limited.

Fig.3 (b) shows the V-1 curve of this model ,
which basically fits with the typical OLED V-1
curve whenoperating voltage is smaller than 10 V.
So this OLED pixel model is suitable to be used in
OLED driving circuit simulation with working
voltage Voo = 10 V. The current range of OLED
pixels is determined by the OLEDpi xl current
density range and the OLEDpi el area ,1.08 1A =
120 mA/cm’ >30 Bm <30 Em.

In H-spice simulation, the MOSE T model

Current of the OLED pixel model 7 1 A
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level 49 was chosen and an assumption that PMOS-
FETs will work normally on voltage of 10 V was
made. For a QVGA (320 X240) display operating
at 60 frame/ s , the row scanning frequency is 14.4
kHz. Here, a scan signal withfrequency of 20 kHz
was used. With C=3 pF, (W/L), =1.6/0.8,
(W/L)e, =1.6/0.8,1.6/2.4,and 1. 6/5, (W/
L)r, =10/0.8, and a 16 levels step signal on data
line, the three-transistor pixel circuit was simula-
ted , and results are showed in fig. 4. Because of
MOS device threshold voltage , signals have a valid
working range. Voltage levels in range of 2—8 V ,
can drive OLED to light.
range , all gray levels are realized. And the gray

In the valid working

levels have quasi-linearity. It”s clear that t he volt-
age range of OLED increased with the decrease of
(W/L)e,. It accords with the conclusion obtained
in part 2.

Two-transistor pixel driver was also simulated
with the same input signals, the same value of C and
(W/L)s,. Resuts are still showed in fig. 4. When
(W/L)e, =1.6/0. 8, the OLED current has only two
levels. Only two gray levels (black and white) can be
realized. When (W/L) P: becomes smaller , the real-
ized gray levelsincrease. Fig. 4 shows the OLED cur-
rent when (W/L), =1.6/50, 1. & 100, 1. 6/200.
With the decrease of (W/L)e, , the norrlinearity of
gray levels becomes inconspicuous gradually. But the
st is the great increase of P size. So twortransistor
pixel dreuit is difficult to realiz multiple gray levels
and is not suitable for OL ED micro displa yimplemen -

ted on silicon.
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Fig. 4 Simulation results of the three-transistor and two-transistor pixel driving circuits

So , the proposed three-transistor pixel driving
circuit is a better choice than the conventional two-
transistor pixel driving circuit for OL ED-ormrsilicon
micro-display. Though one more transistors are
needed, its pixel layout size is still smaller than
that of conventional pixel circuit when multiple

gray levels are needed.

3

Conclusions

A new pixel driving circuit for active-matrix
OL EDromrsilicon with three transistors and a ca-
pacitor was proposed. Compared with conventional
two-transistor pixel driving circuit , this circuit is
more suitable for OL ED-on-silicon to realize multi
ple gray levels. It can successfully realize quasi-lin-
earity gray scale. And it is also simpler than the
pixel circuit which uses sub-threshold current of
MOS devices to drive OL ED.
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