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Abstract: We propose 24 modifications of buffer amplifiers for use as output stages in micropower
operational amplifiers, designed for the SiGe BiCMOS technological process. This process enables the
fabrication of heterojunction n-p-n bipolar transistors and n- and p-channel CMOS transistors. A
cataloging and visualization program has been developed for the analyzed circuits, which differ in
parameters such as input/output resistances, quiescent current consumption, biasing network design,
maximum positive/negative output voltage amplitudes, etc. An example of computer simulation
results for static operating points and amplitude characteristics in Cadence is provided at two
temperatures: 27°C and 250°C. The proposed circuit solutions are recommended for applications in
various analog microelectronic devices operating under high-temperature conditions.

Keywords: high-temperature electronics; analog interfaces; operational amplifiers; output stages;
buffer amplifiers; SiGe; BiCMOS

Introduction

One of the most significant technological breakthroughs in the electronics world at the end of
the 20th century was the development of a new process technology — SiGe BiCMOS (Bipolar
Complementary Metal-Oxide-Semiconductor), which combines the advantages of high-speed
bipolar transistors and CMOS- structures. This process technology [1-8] serves as the foundation for
creating electronic components for system-on-chip solutions, which have become the basis for a new
generation of devices and telecommunications equipment (radar systems, cellular and satellite
communications, navigation systems, etc.). Originally developed by IBM, this technology is now
widely used worldwide and continues to evolve, with leading microelectronics companies such as
Intel, Intersil, Motorola, Texas Instruments, and TSMC contributing to its advancement. The reason
for its widespread adoption lies in its combination of high-performance characteristics, reliability
comparable to conventional silicon-based devices, and cost-effectiveness. [9]

The purpose and novelty of this article is to summarize the fundamental properties and provide
a comparative analysis of 24 modified SiGe BiCMOS output stages of operational amplifiers (Op-
Amps) with an operating temperature range up to 250°C.

A cataloging and visualization program for OS of high-temperature Op-Amps based on
heterojunction n-p-n bipolar and n- and p-channel metal-oxide-semiconductor field-effect transistors

To select the optimal circuit design solution for a specific Op-Amp implementation, a buffer
amplifiers (BA) cataloging program was developed (Figure 1). This program represents an interactive
platform containing electrical schematics adapted for SiGe technology processes, utilizing exclusively
heterojunction n-p-n bipolar and CMOS transistors.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202504.2193.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 April 2025 d0i:10.20944/preprints202504.2193.v1

2 of 30

def show_project_details(self, event): 1usage
selected_index = self.listbox.curselection()
if not selected_index:
return

project = self.resources[selected_index[o]]
details_window = Toplevel(self.root)
details_window.title(project[*name"])

try:
image_path = f"{project['id'1}.png"
if os.path.exists(image_path):
img = Image.open{image_path)
img = img.resize( size: (400, 400), Image.Resampling.LANCZO0S)
img_tk = ImageTk.PhotoImage(img)
canvas = Canvas(details_window, width=400, height=488)
canvas.create_image( *args: 8, 8, anchor="nw", image=img_tk)
canvas.image = img_tk ~# D @ re
canvas.pack()
else:
Label(details_window, text="Image not found", fg="red").pack()
except Exception as e:
Label(details_window, text=f"Error loading image: {e}", fg="red").pack()

Label(details_window, text=f"Wua u Howep: {project['name’']}", font=("Arial®, 14)).pack(pady=3)
self.render_description(details_window, project["description®])

Figure 1. Fragment of the BA cataloging and visualization program description file.

This program solves the following problems:

- cataloging of circuits with a description of their operation;

- graphical visualization of the selected circuit solution with displaying the numbering of
components and their connections (as in Figure 2).
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Name and Ne: Scheme of output stage N2 (P10920)

The main feature of the BA in Fig. 4 consists in the
fact, that n-p-n transistors Q2, Q3, form the bipolar
currents directions in the Rjoag here. The other elements
of the BA circuit provide transistor status control Q2
through its emitter-base voltage, and when Q2 goes into
cutoff (at negative vin), they control transistor Q3, which
creates a negative current in the load. Diode VD1
prevents transistor Q2 from entering saturation mode
when vin) is positive.

Publications:

Figure 2. Basic scheme information window.

Thus, the program as an effective tool for designers of high-temperature SiGe Op-Amps,

enabling optimization of the output stage (BA) selection process while accounting for its circuit
design characteristics.

Buffer amplifier circuits for high-temperature Op-Amps using heterojunction n-p-n bipolar and
CMOS transistors, as implemented in the program

When calculating the maximum output currents of the BA (Il(;)d.max and Il(o_a)d.max) for the
considered circuits, it should be taken into account that in real Op-Amps circuits, the signal source
connected to the BA input (In.) is not an ideal voltage source with zero output impedance.
Consequently, the separate stage (SS) limits the maximum possible load currents values. Therefore,
when evaluating Il((;)d.max and Il((;l)d.max for specific circuits (measured at Riae=0), the maximum

possible output currents I](:;d_max and Il(;;d_max of the separate stage SS must be taken into account.

In Figure 3 shows a BA circuit with non-ideal SS signal source.
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Figure 3. On the operation of the BA with a non-ideal signal source SS.

The main feature of the BA in Figure 4 consists in the fact, that n-p-n transistors Q2, Q3, form
the bipolar currents directions in the Ricad load here. The other elements of the BA circuit provide
transistor status control Q2 through its emitter-base voltage, and when Q2 goes into cutoff (at
negative vin), they control transistor Q3, which creates a negative current in the load. Diode VD1
prevents transistor Q2 from entering saturation mode when vin is positive.

O +

Q4

OO IO

Figure 4. SiGe buffer amplifier: modification Nel.

The setting of the BA circuit in Figure 4 is provided by selection of resistor R2 and currents
Li==I5. In this case, the maximum values of currents in the load Il(:a)d.max and Il(o_gd'max are
determined by the formulas:

+ +
Il(oa)d.ma\x e BZIg.n)laxr (1)

Q)]
Iload.max ~ l¢3.maxs (2)

where f, — transistor base current gain Q2, Igj,{ax — maximum possible value of SS (Figure 3)
output current with positive vin, I¢3may — maximum collector current Q3.
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The feature of BA (Figure 5) is that the bipolar directions of the currents in the Rid are here
formed by n-p-n transistors Q1, Q2, Q3 and depend on the current lo. Other elements of the BA circuit
provide control of the state of transistors Q2 and Q3, and when Q1 goes into cutoff (at negative vin),
they control transistors Q2 and Q3, which create negative current in the load. Adjustment of the BA
circuit is provided by selection of resistances of resistors R1+R2 and currents Ii=I>.

O +
+ +
R1 |:i|> VR] VRZ <|:i| R2=0.5R1
- "4l
+ Vgs.4 Vgs.S N llo
o DN I :
e e ol
i ()
103
\A]A ¢ Out.
i )
ﬂoad
R]oad
Q2
O Ow
o -
Figure 5. SiGe buffer amplifier: modification Ne2.
In this case Il((gd.max and Il((:gd'max are determined by the formulas:
(+) ~ +)
Iload.max ~ B1ls maxs 3)
oadmax =~ BaBal 4)
loadmax ~ P3P270s

where (1, B2, Bz — base current gain coefficients of bipolar transistors Q1+Q3, Iéjﬁax —maximum

possible value of SS (Figure 3) output current with positive vin, Iy — source current I.
Figure 6 shows the static mode of BA Figure 5 in Cadance simulation software at  [+=Is>=200
HA, resistors R2=500 Q and R0=250 Q, supply voltages +3 V.
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Figure 6. Static mode of SiGe BA Fig.5 (modification No2) at t=27 °C.

Figure 7 shows the amplitude characteristic of BA Figure 6 at different load resistances Ricad.
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Figure 7. Amplitude characteristic of SiGe BA in Figure 6 at Ricaa=2 kQ2, 10 kQ), t=27 °C.

Figure 8 shows the static mode of BA Figure 5 in Cadance simulation software at
t=250 °C, I+=15=200 pA, resistors R2=500 Q) and R0=250 (), supply voltages +3 V.
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Figure 8. Static mode of SiGe BA Fig.5 (modification No2) at t=250 °C.

Figure 9 shows the amplitude characteristic of BA Figure 8 at different load resistances Ricad.
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Figure 9. Amplitude characteristic of SiGe BA in Figure 8 at Rioaa=2 k(3, 10 kQ, 1 MQ), t=250 °C.

In circuit BA in Figure 10, the bipolar current directions in the Riad are formed by n-p-n
transistors Q1, Q2, Q3. Other elements of the BA circuit provide state monitoring of transistor Q1
and, when Q1 goes into cutoff (at negative vin), control transistors Q2 and Q3, which create a negative
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current in the load. Setting of the BA circuit is provided by selection of resistors R1+R3 and reference
currents [i+]a.

(6]
- Q1
+
o
1,=2I,
Q6 <> Q7

\il:)j d(*)
Out.

Iy L L Ie ’/iuoad(') Rioad
Q2
D O
o -

Figure 10. SiGe buffer amplifier: modification Ne3.

In this case 17 and 1)

load max loadmax are determined by the formulas:

+ +)
Iloe?d.max ~ Bllg.maX/ (5)
Il(o_::l)d.max ~ B3BZIg' (6)

e

where  B4,B,,f3 — base current gain coefficients of bipolar transistors Q1+Q3, I .. —

maximum possible value of SS (Figure 3) output current with positive vin, I~ current, seted by the
source Is (Is=2l;).

In the BA circuit of Figure 11, the p-n junction of VD1 limits the voltage drop across resistor R1
when the BA input voltages are positive and the big currents in load. Transistors Q3, Q4, and
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reference current source Ii set the static mode of Q5 and Q6. The BA circuit setting is provided by
selection of resistors R1+R2 and currents Ii=I.

o +
R2 RIZ VDI
Q3 Q5
N
A
. B g
o Q6 QI

s (+

\llf . d( )
> Out.

v iload(-) Rload

Q2

AN

OIOr

Figure 11. SiGe buffer amplifier: modification No4.

I(_)

. (+)
In this case 1 load.max

load.max and

are determined by the formulas:

(+ ~ +)

I]oa)d_max ~ Bllg.maxl (7)
) - \%:
loadmax = B2 re5+;gl’ 8)

where By, B, — base current gain coefficients of bipolar transistors Q1+Q2, Ié_;iax — maximum

possible value of SS (Figure 3) output current with positive vin, Vg;— voltage drop across the resistor
R1, re5 — emitter junction resistance Q5, ss — drain-gate transconductance Q6.
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The peculiarity of BA (Figure 12) is that the bipolar directions of the currents in the Ricad load are
here formed by the n-p-n transistors Q1, Q2. Other elements of the BA circuit provide state control of
the transistor Q1, and when Q1 goes into cutoff (at negative vin), control transistor Q2. The BA circuit
is adjusted by selecting the currents 2Ii=I> and Is.

O +

Q1

12=2IO* L Ithr

Q4 QS iload(+) Out
e A - pran

()
Tjoad Rloa d

Q2

Q6 Q7

I =Io* <> - ™ <> I3=Ig

Figure 12. SiGe buffer amplifier: modification No5.

In this case Il((gd.max and Il(o_a)d'max are determined by the formulas:
+) +)
Iload.ma\x ~ Is.maxBlr 9)

Il(oa)d.max e BZIa' (10)

where Ig;iax — maximum possible value of SS (Figure 3) output current with positive vin; B4,
B, —base current gain coefficients of bipolar transistors Q1+Q2, I — two-terminal device current I1.
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In circuit BA in Figure 13, the static mode setting of the transistors is provided by selecting the
reference current sources I, I>, and Is.

\ [,=21,
Vgs.3 I() <> : ‘

Q3 Q1

Q4 i

o - Vs
L Lioad V +

gs.5 Q5
| i
Iz ¢

)
(i Out.

)
Ljoad L O]
oa Q2 Lioad Rload

N

Ow | Dew

O -
Figure 13. SiGe buffer amplifier: modification Ne6.
Here, the values of the maximum output currents Il(;)d_max and I](;;d_max are determined by the
formulas:

Il((:—a)d.ma\x e Iéjr)laxﬁll (11)
Hoaamax = B2ld, (12)

where Ig_;iax —maximum possible value of SS (Figure 3) output current with positive vin; 1, B
— base current gain coefficients of bipolar transistors Q1+Q2, I = 0.5I;. In this case I, > I;

d0i:10.20944/preprints202504.2193.v1
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The positive current direction in the load Riad in BA (Figure 14) is determined by the base current
gain B; of the transistor Q1 and the reference current source Ii. Adjustment of the BA circuit is
provided by selection of currents I1i=I> and resistance of resistor R1.

(D

Q3 Ql

O +

—

v. s -
lload.l( _BQIIOad.Q() Rload

Q2

Figure 14. SiGe buffer amplifier: modification No7.

Thus in the scheme of Figure 14 the currents Il(;gd_max and Il(;zd_max are determined by the
formulas:
+) ~ *
Iload.max ~(B)110’ (13)
— Ve
Hoadmax =~ Ba e, (14)

where 1,8, — base current gain coefficients of bipolar transistors Q1+Q2, Ij - two-terminal
device current Iy, Vér_n)ax — maximum amplitude of the input signal when negative vin, R1 — resistor
resistance R1, s4 — the steepness of the drain-gate characteristic of the transistor Q4.

The peculiarity of BA in Figure 15 is that the bipolar directions of the currents in the Ricada load
here are determined by transistors Q1, Q2, Q5, the maximum possible value of the output current of
the intermediate stage (Figure 3) at positive vin, and the source current I.. The BA circuit is configured
by selecting the numerical values of I'=I> and Is.
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Figure 15. SiGe buffer amplifier: modification No8.
In this case Il((gd.max and Il(o_gd'max are determined by the formulas:
Il((:—z?d.max ~ Bllggaw (15)
Il(oa)d.max e ISBSBZ/ (16)

where B,,B,, Bs — base current gain coefficients of bipolar transistors Q1, Q2, Q5; Igjﬁax -

maximum possible value of SS (Figure 3) output current with positive vin; I — two-terminal device
current Ii=l.

In circuit BA in Figure 16, the positive currents in the load Riad are generated by the n-p-n

transistor Q1 and the negative currents by the field-effect transistor Q2. The circuit is adjusted by
selecting the current I1.
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Figure 16. SiGe buffer amplifier: modification N29.
In this case, the maximum currents Il(;)d_max and I](;;d_max are determined by the formulas:
+) )
Iload.max = Blls.maxl (17)
Il(o.'jd.max ~ lmax.QZ/ (18)

where f;- base current gain coefficient of bipolar transistor QI, Ig:ﬁax — maximum possible

value of SS (Figure 3) output current with positive vin, Ipax g2 — maximum transistor current Q2.
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The BA circuit (Figure 17) differs from the BA circuit Figure 16 by the use of bipolar transistor
Q2, which together with field-effect transistor Q5 provides negative currents in the load Rioad.
Adjustment of the BA circuit is provided by selection of currents I, I> and Is.

O +
Q1
L
+ NG
Veb.1
iload(+)
\» Out
. (-
Lipad Rload
‘K v
W@ Qe | O
O -

Figure 17. SiGe buffer amplifier: modification Ne10.

In the circuit of Figure 17, the maximum currents are i and 1)

load.max load.max aT€ determined by

the formulas:

) (€]
Iload.max ~ Blls.max/ (19)

Iload.max e IC-maX.ZI (20)
where ;- base current gain coefficient of bipolar transistor Q1, Igj,)lax — maximum possible
value of SS (Figure 3) output current with positive Vi, I pnax> — maximum collector current of the
transistor Q2.
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BA Figure 18 is realized on complementary field-effect transistors Q1, Q2 and Q3, Q4. Moreover,
Q1 and Q3 and the reference current source I1 set the static mode of transistors Q2, Q4. The adjustment
of the BA circuit is provided by selecting the current I1, and also by changing the channel widths of
the transistors.

O +
| 2
OIn = Q | l: Q
| |_> |
iload(+)
Q3 > Out.
— l: Line L .
iload(-) Rload
4
| l: Q
|
<> 11:210
o -

Figure 18. SiGe buffer amplifier: modification Nell.

In this case Il((gd.max and Il(o_a)d'max are determined by the formulas:
+
Il(oa)d.max ~ Id.max.ZI (21)
Ilo_ad,max ~ Id.max.4/ (22)

where lgmax2; — maximum transistor drain current Q2, Ijnaxse — Maximum transistor drain
current Q4.
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In the circuit of Figure 19, control of the state of transistor Q1 by the emitter-base voltage is
provided by a differential stage on transistors Q5 and Q6, which compare the emitter-base voltages
of transistors Q1 and Q4 and, when Q1 is latched, controls transistors Q3, Q2. This generates a
negative current direction in the load. Adjustment of the BA circuit is provided by selection of
currents [1=21>, Is and resistance of resistor R1.

O +

Ql
v
N N
11:210*
Q 5 Q6 iload(+)
\» Out

o + v Iy
Q3
v
N
Q2
L=, <> <> L=1, § R1
o -
Figure 19. SiGe buffer amplifier: modification No12.
In circuit BA Figure 19 the maximum currents in the load Il(;gd'max and Il(;;d.max are determined
by the formulas:
Il((:gd.max ~ Bllgjr)law (23)
Il(oa)d_max ~ 83 BZISI (24)

where B;, B,, B3 — base current gain coefficients of bipolar transistors Q1+Q3, Igj,{ax -

maximum possible value of SS (Figure 3) output current with positive vin, Ig =051 =
L.

The BA circuit in Figure 20 is realized on complementary field-effect transistors Q1+Q4.
Adjustment of the BA circuit is provided by selection of currents Iy, I, Is.
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Figure 20. SiGe buffer amplifier: modification Ne13.

In this case Il((gd.max and Il(o_a)d.max are determined by the formulas:
+
Il(oa)d.max ~ Id.max.ll (25)
Ilo_ad.max ~ Id.max.31 (26)

where Ijmnax1 — maximum transistor drain current Q1, Ijmax3 — maximum transistor drain
current Q3.
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In circuit BA (Figure 21), the status of transistor Q1 is monitored by numerical values of its
collector current, which is compared with the source current I1. At high positive currents in the load,
the p-njunction of VD1 opens, through which ilaatis shorted to the low impedance bias circuit source
Vbiast. The BA circuit is set up by selecting currents I, I, and sources Vbiasi, Vbias2.

O +
QX
Vbiasl VDI Q3
o ™~
g T
(+) L ic1(+) Veb.3
Lioad T+
1 Vgs.4
In. Q Q4 - Viias2
o—— 7
N
+ -
iload(+)
\» Out
i i, O
d4
iload(-) Rload
Q2
re
=)
O -

Figure 21. SiGe buffer amplifier: modification No14.

In this case, the currents Il(:a)d.max and Il(o_a)d.max are determined by the formulas:
) +)
Iload.max ~ Blls.max/ (27)
Il(oa)d_max ~ 83 BZIll (28)

where $,,B,, B3 —base current gain coefficients of bipolar transistors Q1+Q3, Ig_;)lax — maximum

possible value of SS (Figure 3) output current with positive vin.
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The circuit BA in Figure 22 has an increased input impedance due to the use of the field-effect
transistor Q3. The BA setting is provided by selecting the currents Iy, I..

O +
[1210* <>
i (H)
Ip1

Q4 ' Ql
l/ > Vv
N N

Q5
: i]oad(ﬂ
Q6
N \“ Out.
A
e i oa o
ie.G(-) ¥/1 ¢ Rigad
Q3
O
le.
y oo -
N
o
O -

Figure 22. SiGe buffer amplifier: modification Nel5.

=)

. . )
In this case, the maximum currents I ;.. and I_Z;

are determined by the formulas:

Hoadmax = Bilds (29)
Iomtmax = 1om (30)

load.max ~ ‘c.max.2’

I(_)

cmax2 — mMaximum

where B; — base current gain coefficient of bipolar transistor Q1, Iy =1,
collector current of the transistor Q2, I, > Ij.


https://doi.org/10.20944/preprints202504.2193.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 April 2025 d0i:10.20944/preprints202504.2193.v1

21 of 30

BA (Figure 23) is realized on n-p-n bipolar transistor Q1 and field-effect transistors Q2, Q4. The
BA circuit is tuned by selecting the current I..

———————0 +

Q1

- + ; iload(+)

Q3 Q2

lload( Out.

| t

D

Figure 23. SiGe buffer amplifier: modification No16.

In this case, the maximum currents in the load Il(;)d_max and Il(;fd_max are defined by the
formulas:

1~ Bl (31)

load.max P
Iload max = lgmax.a, (32)
where f;- current gain of the base of the bipolar transistor Q1, Ié;ﬁax — maximum possible
value of SS (Figure 3) output current with positive vin, Igmaxs — maximum transistor drain current

Q4.
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In the BA circuit (Figure 24), the current in the load in the positive direction is provided by the
bipolar transistor Q2 and in the negative direction by the field-effect transistor Q3. The BA static
mode is set by selecting the current I1.

L, O

. +
lload( )

iload(-) Q3

i Iy

i Id|=IO*=const

N
A
Q4 Q5

AN

Figure 24. SiGe buffer amplifier: modification Nel7.

In this case, the maximum currents in the load Il(;fd_max and I]((:;d_max are determined by the
formulas:

) ~ *

Iload.max ~ Balo, (33)

Iload,max ~ ]d.max.3/ (34:)

where f,— current gain of the base of the bipolar transistor Q2, I =1;, Igmax3 — maximum
drain current of the field-effect transistor Q3.


https://doi.org/10.20944/preprints202504.2193.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 April 2025 d0i:10.20944/preprints202504.2193.v1

23 of 30

The peculiarity of BA in Figure 25 is that the bipolar directions of the currents in the Ricad are
here determined by transistor Q1, bipolarized by I: (at positive vin) and field-effect transistor Q2 (at
negative vin). The static mode of the BA circuit is set by selecting the current I; = Ig.

o +
I=I, <>
ip, ") Ql
' N
iload(-) \i’lfad(ﬂ Out
VD1 Rioad
oad
IO* L L iload(-)
Q3 Q4
rd AN

o -

Figure 25. SiGe buffer amplifier: modification Ne18.

I(+)

load.max

I(_)

and load.max

In this circuit the currents are determined by the formulas:

1~ Bulp, (35)

load.max -
Iload.ma\x ~ 2lgmax2/ (36)
where B;- current gain of the base of the bipolar transistor Q1, Iy =1;, Iqmax2 — maximum
drain current of the field-effect transistor Q2.
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Figure 26 shows a generalized scheme BA, which can have several partial variants of
construction, which is determined by the practical implementation of comparison schemes OAl,
OA2. Setting BA to the limiting parameters is provided by the choice of OA1, OA2.

O+
Q3 .
- +\OAl
7 N Q1
NG
i)
1
\.Aload Out.
A A ¥/iload(-) R
- load
*/0A2 oa
Q2
NG
o -
Figure 26. SiGe buffer amplifier: modification No19.
In this case, the currents Il(;fd_max and Il(;;d.max are determined by the formulas:
oadmax = lemaxas (37)
Ilo_ad.max ~ Ic.max.2/ (38)

where I nax1 — maximum collector current of the transistor Q1, I, .42 — maximum collector
current of the transistor Q2.
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The peculiarity of the scheme BA in Figure 27 is that by selecting the channel width of transistor
Q3 and the resistance of resistor R1, the numerical values of the through current of transistors Q1 and
Q2 are set. The setting of the BA is ensured by selecting the current I: and the resistance of resistor

R1.
O +

+

N
V. Va [ZRI

Q5 Q4 +
:II - e - F .M
[ - | E glload
Ql
\i‘lfad(ﬂ Out.
éad(-)

Rload

Q2

Q6 Q7

ORI

Figure 27. SiGe buffer amplifier: modification Ne20.

In this case, the currents Il(:a)d.max and Il(o_a)d.max are determined by the formulas:
(D] ~ +)
load.max ~ Blls.max' (39)
=)
Iloa\d.max ~ Id.max.ZI (40)

where B;— current gain of the base of the bipolar transistor Q1, Ié;ﬂax — maximum possible

value of SS (Figure 3) output current with positive vin, Igmax2 —maximum drain current of the field-

effect transistor Q2.
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The BA static mode setting in Figure 28 is provided by selecting the currents I; =I5, I3 > I,

12 = IS.

W ® w| L O

(C)

ie.4(-) Ql

2
=
PN

i]oad(-)
R]oad
Q2
NG
ol
O -
Figure 28. SiGe buffer amplifier: modification No21.
In this scheme, the maximum values of currents Il((gd.max and Il((;;d.max are determined by the
formulas:
) )
Iloa\d.max ~ Blls.max/ (41)
Il(o_a)d.ma\x ~ 1oB4Ba2, (42)
where f4,B,,84 — base current gain coefficients of bipolar transistors Q1+Q2, Q4; Ié:ﬁax -

maximum possible value of SS (Figure 3) output current with positive vin, Ij — two-terminal device
current 1= Io.
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The feature of BA in Figure 29 is that the bipolar directions of the currents in the Riad load are
here formed by the bipolar transistor Q1 and the field-effect transistor Q2.

O +
<> 11210*
i )
—
T TR
+| - Veb.4 Veb.l -
/l': Q3
O .
- Vgs.z lload(ﬂ Out
A+ ut.
_ I <
O
1j0ad
Q2 Rload
QO -
Figure 29. SiGe buffer amplifier: modification No22.
In these scheme maximum values of currents in the load Il((:d_max and Il(o_gd_max are determined

by the formulas:

Hoadmax = 6By, (43)
Ilo_ad,max ~ ]d.max.2/ (44:)

where B;— current gain of the base of the bipolar transistor Q1, Ij— current of the reference
current source I, Iy n.x2 — mMaximum drain current of the field-effect transistor Q2.
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The BA circuit in Figure 30 provides inverting amplification of the input signal. Its peculiarity is
that it is realized only on SiGe bipolar transistors and has low supply voltages. The BA is tuned by
selecting resistors R1 and R2.

O +
R1 §
.+
\1&1( ) Ql
3 i )
In. Q Q4 load Oy,
G |/ 1 -
N N o
+ - . -
Lioad
) . - v Hoa R,
Vin Ie3 1b.2( ) |/ load
Q2
Q7
§ R2 -
o -
Figure 30. SiGe inverting buffer amplifier: modification Ne23
In this case, the currents Il(:a)d.max and Il(o_a)d.max are determined by the formulas:
Il((:—a)d.max ~ BllRl' (45)
Hondmax = LimaxBaBzs (46)
where f4,B2,f3 — base current gain coefficients of bipolar transistors Q1+Q3, Ié;,)lax -

maximum possible value of SS (Figure 3) output current with negative vin, I;— value of current
passing through the resistor R1.
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In the BA circuit (Figure 31), the field-effect transistors Q1, Q3, Q4 and Q5 provide control of the
bipolar transistor Q2 at negative input signals. The BA circuit is configured by selecting the currents
I, Lo.

O +

Q4 Q3

A7—IE

Q5

Q‘:"’dm Out.
6oad(-)

RIoad
v
N
Q2
<> ll:lo* <> Izzlg*
o-
Figure 31. SiGe buffer amplifier: modification No24.
In this circuit, the maximum values of the currents in the load Il(;)d.max and Il(o_a)d.max are
determined by the formulas:
(+) )
Iload.max ~ Blls.max/ (47)
Iload.max e IC-maX.ZI (48)

where ;- current gain of the base of the bipolar transistor Q1, Ig_;)lax — maximum possible

value of SS (Figure 3) output current with positive vin, I¢pax, — maximum collector current of the
transistor Q2.

Conclusion

A family of buffer amplifiers (24 modifications), which are recommended to be used as output
stages of micro-power SiGe Op-Amps on BiCMOS technology, is considered. A cataloging and
visualization program has been developed, which allows optimizing the process of BA selection
taking into account their circuitry features when designing high-temperature Op-Amps. The results
of computer modeling of one of the BA circuits in Cadence simulation software are presented, which
show that due to the use of SiGe BiCMOS technological process the developed circuit solutions retain
their operability at temperatures up to 250 °C.

The research has been carried out at the expense of the Grant of the Russian Science Foundation
(project No. 23-79-10069), https://rscf.ru/project/23-79-10069/
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