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Abstract

A Silicon Microwave Monolithic Integrated
Circuits process named “IliP-111” has been
developed without self-alignment technique. By
using “N-III “ process, NPN transistors with
0.6un width and O.lun depth emitter achieved f
of 2oC%lz. Mexirmm dividing frequency (Rnex) o;
7.4ClIz at VCC=6V was also achieved for 1/2
prescaIer with master slave T-type flip-flop.

I.Introduction

In recent years,Si bipolar transistors
operating at microwave frequencies have been
developed(l,2). A 10CHZ frequency divider
using self-aligned transistor structures called
T~s~-lB!~ (fT=27mz) was reported(l). A 4CHZ
light transmission ICS (Integrated Circuits)
was also realized using self-aligned
transistors called !!~p~f! (f =12GHZ)(2).

~ ~.However, those devices hadmsny dlf lculties in
fabrication processes because corrplicated self-
aligrsnent techniques were used.

We have already reported a fT=loCH?.
Silicon Microwave Monolithic Integrated
Circuits (SiWIC) process without self-aligned
structures called ‘!lXiP(Direct Nitride
Passivated base surface)-U” and its
application to a 2.6(Mz wide band amplifier.

In this paper, we demonstrate a newly
developed Si-MWIC process
‘UINF-lE” wi%=2!)~m depth and 0.6un %%{
enitter. We also deamnstrate a 7. 4CHZ
frequency divider using ‘TNP-lJ.1” process.

11.Process design

Figure 1 shows a schematic cross section
of an NFN transistor and a poly-Si resistor.
‘DNP-~” process design is as follows.

1. Using high resolution photolithography
technique, 0,6un width fine emitter stripe can
be realized to reduce base resistance (rbb’)
and parasitic capacitance (Cebo,Ccbo etc.) of
the transistors.

2. Arsenic ion iaplanted buried layer and

thin epitexial layer with low resistivity

redmce colIector resistance.
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Figure 1. A schemtic cross section of an~

Transistor endpoly-Si resistor in “IINP-rn”
process.

3. Low energy boron ion implantation forma
0.2UII depth base junction. Arsenic ions

implantated into poly-Si make O.lun depth
emitter. Therefore base transition tiaw delay
(Tb~ is reduced to a half value of con-
ventional process.

r;i~;?;fy. ‘assivation

assures high

5. PtSi/Ti/Pt/Au mstallization and ME

process are adopted. Highly reliable l.Own
line and space electrode cenbe achieved,

6. Arsenic ion implanted poly-Si resistor on
thick Silicon oxide(I.KKl13) has 220(_2/rl sheet
resistance and low parasitic capacitance.
Therefore, good electrical performances of the
IC’S are expected in microwave frequency range.

In addition, the selectively ion itqplanted
collector (SIC) technique(1) was used in
“IFJF-111” process to achieve higher cut off
frequency of the NPN transistor.

“SIC” process technique is as follows.
7. Phosphorus ions are iqlanted at

base-collector junction beneath the emitter.
The lightly doped N type region between base
and epitaxial layer can suppress Kirk-effect
and narrow the base width.

Figure 2 shows a microphotograph of the
NFN transistor (Enitter size is 11.6~ X 20un),
and Fig.3 shows a SEN1 photograph of cross
section for the NFN transistor.
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Figure 2. A microphotograph of the NFN
transistor.
(Enitter size is 0.6Lzn X20un)

Io-

Figure 3. A SEW photograph of cross section
for the NFN transistor.

111.Electrical Characteristics

S-parameters were measured for NFN
transistors with 0.6un X 40m emitter, double
base and single collector.

A HP-851OA network analyzer and on-wafer
probing system were used calibrating an open,
short and through on wafer patterns. Cxlly 50!2
load was calibrated on 50Q load chip.
Therefore, parasitic capacitance and inductance
were eliminated in this measurement.

Figure 4
12

shows
fT ‘d 1s21

characteristics as a function of collec?or
current (It) for an AWN transistor with
0.6un X 40um emitter.

A ‘T ‘d ls*el ol%;20~z and 16.4dB, respectively at
(measuring frequency is 2CHZ) and ~=10m4. At
Vce of 5V, fT of 22CMZ and lS21el of 17.ldB
were achieved.
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Figure 4.

“#‘d ls~le
1’ characteristics as a

function o collec or current (It) for an}!FN
transistor with O.&znX 40LYn emitter.

Electrical characteristics and device
parameters are smnmmized in Table 1 for the
transistor with 0.6Lzn X 40Lm1 emitter. ~[7cbo ,

BVebo and 13Vceo were 17V, 4.5V and 6V
respectively. EVceo of 6V is large enough to

use ICS at supply voltage of 5V,

Table 1. Electrical characteristics and the
device parameters of an NPN transistor in
‘w-m” process.

BVcbo

BVeeo

BVebo

hFE

f,

1s21,12
rbb’

Cebo

Ccbo

Ccso

17V
6V
4. 5V
80
20GHZ
16. 4dB
55Q
O. 12PF
O. 14PF
o. 16PF

[Emitter si ze i s

O. 6flm X40&m)
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Figure 5. The difference of fT and 1S 12
2lgcharacteristics for an NFN transistor etween

with “SIC” and without “SIC”.
(Fmitter size is 0.6un X40un)

Table 2. Electrical characteristics for anNIN
transistor with “SIC” snd without “SIC”.

Without With
SIC SIC

BVcbo 17V 7V

BVceo 6V 3. 3V

BVebo 4. 5V 4. lV

hFE 80 120

f’r 20GHZ 30GHZ

l$l;~;!: 16. 4dB 17. 5dB

(Emitter size is

O. 6&mX40&m)

In addition, Fig.5 shows fT
12

‘d 1S2J
characteristics for NFN transistors fonne %y
the “ IC” technique.

3
The f

J
of 30CWZ and

1s21e
1 of 17.5dB were achieve at Vce of 3V.
Figur~ 5 shows also the difference of f

‘d 1s21
“x1 between the NFN transistors wlt

“SIC” ,ji.n~ without “SIC”. ~W\%v:~ 1~~ ::
1. ldB were::’llg;sto:;ith ,,SIC,,

.

However, breakdown voltages such as BVcbo
and BVceo for the MN transistor with “SIC” are
lower than those for the NPN transistor of
‘W-III” process. Table 2 shows the smmary of
electrical characteristics for NPN transistors
with WIC!T and without I!SIC!!. The NPN
transistor with “SIC” has BVcbo of 7V and BVceo
of 3.3V.

The reasons for these electrical
characteristics for transistors with “SIC” are
as follows.

1. Lightly doped N region in an transistor
with “SIC” narrows the intrinsic base width, S0
that base transition tim delay (<b) is
reduced. At the same time, the depletion layer
at the base-collector junction becmes thin so
that depletion layer transition time delay(~x)
reduced.

2. On the other hand, the thin depletion
layer at the base-colletor junction causes
avalanche breakdown at lower voltage.
Consequently, it is iqortant to use ICS with
?!SIC?l in !~m–~tr process below supply VOltage

Vcc of 3V.

Vcc

Figure 6. 17quivalent circuit of 1/2 prescaler
with master slave T-type flip–flop.

Figure 7. A microphotograph of 1/2 prescaler
chip.
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Figure 8. Input frequency (Fin) dependence of
input power (Pin) for 1/2 prescaler at Vcc of

W and 6V.

IV.Application to a frequency divider

The ‘DNP-111” process was applied to 1/2
prescaler. Figure 6 shows equivalent circuit
of 1/2 prescaler with master slave T-type

flip-flop. Figure 7 shows a microphotograph of
1/2 prescaler chip. The size of the chip was
0.5mn square.

Figure 8 shows the input frequency (Fin)
dependence of input power (Pin) for 1/2

prescaler at Vcc of 5V and 6V. Measuring

t~crature was 25°C. Maxim dividing
fequency (Ilnax) was 7.3(Hz and Ice was 16.61n4
at Vcc of 5V. At VCC of 6V, Fh?ax of 7.4GHz and
Icc of 21.2m4 were achieved.

V.Sunnary and conclusion

We demmstrated a newly developed “DNP-~”
process for microwave frequency Si bipolar

transistor eaploying no self-alignment
techniques. An NPN transistor with 0.6un width
and 0.1un2depth emitter achieved fT of 20CHZ
<and IS ~lel of 16.4dB at ye of 3V. At Vce of
5V, f 1S 22Rz and 1S 1 is 17.lciD.

i&ximmn dividing2~equency of 7.3CHZ at
Vcc of 5V and 7.4GHz at Vcc of 6V are achieved
for 1/2 prescaler IC’S enploying ‘N-lTI”
process.

In addition, NFN transistors formed by
!,sIct~ tec~iaue in !!m–rnf! tmocess achieved f-
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.
‘f 30mz‘d ?s2}e

lZ of 1715dB at Vce of 3~
and has relatlve y lower BVcbo and BVceo than
those of “DNP-111” without “SIC”.
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