
MOS-AK Workshop Spring 2022

Fifty Nifty Variations of  
Two-Transistor Circuits
Harald Pretl (harald.pretl@jku.at)

mailto:harald.pretl@jku.at


Why am I Here? You Might Have Seen This…

1943-0582/21©2021IEEE38 SUMMER 2021 IEEE SOLID-STATE CIRCUITS MAGAZINE

Digital Object Identifier 10.1109/MSSC.2021.3088968

Date of current version: 25 August 2021

e present a 
compendium 
of two-metal-

o x i d e - s e m i -
c o n d u c t o r 

(MOS)-transistor circuits, which span 
the range from simple standard con-
figurations to ingenious arrange-
ments. Using these building blocks, 
circuit designers can assemble a 
vast array of complex analog func-
tions. This (incomplete) collection 
shall serve as a reference and in-
spiration to junior circuit designers 
and hopefully contains at least one 
unexpected example for profession-
al engineers.

Overview
Analog circuit design is wonderfully 
creative. The MOS field-effect transis-

tor (MOSFET) is an exceptionally ver-
satile device, operating as a switch, 
current source, resistor, diode, and 
capacitor, depending on bias condi-
tions. For fun and to demonstrate the 
sheer infinite possibilities in circuit 
design using MOSFET, we present a 
collection of simple (and sophisti-
cated) circuits that employ two tran-
sistors (not counting fixed-bias and 
supply voltages and fixed-bias cur-
rents). Often, circuit designers con-
struct complex circuits from these 
basic building blocks.

This compendium is a tribute to 
all of the ingenious minds out there 
and the circuit design giants on 
whose shoulders we are standing 
today. This sample of practical two-
transistor circuits, to the best of the 
authors’ knowledge, contains benefi-
cial and often-used configurations. 
A few circuits are of a more curious 
and academic nature; they might lack 

power-supply rejection or show other 
deficiencies, and some circuits use 
the body connection as active termi-
nals, which might not be feasible in 
some CMOS technologies. Generally, 
one has to be aware of the body ef-
fect and its impact.

Many more two-transistor circuits 
are yet to be discovered. An exhaus-
tive search of graphs using one or 
two voltage-controlled current sourc-
es (which are well-approximated by 
MOSFET) resulted in 150 potentially 
useful circuits [1]. One of them was 
identified as a valuable new ampli-
fier configuration [2]. By pushing this 
idea further, a study identified 582 
possible circuit topologies using two 
transistors. Repeating this exercise 
using three transistors, a whopping 
56,280 elementary configurations 
have been found [3].

To keep our overview reasonable, 
we do not include complementary 
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Fifty+ Nifty Variations of
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Circuit No. 1

Vin

M1

M2

Vout

$_bv bv |_; �0bt�b|o�v 7b]b|-Ѵ bm�;u|;uĺ $_; bmr�| �oѴ|-]; Vin v�b|1_;v om;
o= 0o|_ |u-mvbv|ouv om �_bѴ; |_; o|_;u bv o@ĺ

Circuit No. 2

Vin

M1

M2

Vout ou Iout

$_; v-l; v|u�1|�u; 1-m 0; �v;7 -v - �oѴ|-]; -lrѴbC;u ŐVoutķ �b|_ _b]_ŊZ
Ѵo-7bm]ő ou Ѵo�Ŋ�oѴ|-]; 1olrѴ;l;m|-u� |u-mv1om7�1|-m1; v|-]; ŐIoutķ �b|_
Ѵo�ŊZ Ѵo-7bm]ő �_;m 0o|_ ��"Ŋ�$ -u; _;Ѵ7 bm v-|�u-ঞomĺ

Circuit No. 3

Vin
M1

M2

Vout

$_; Ő7�m-lb1 |_u;v_oѴ7ő 	$Ŋ��" bm�;u|;u -1_b;�;v -m blruo�;7 1�uu;m|
7ub�; -| Ѵo� Ѵ;-h-]; 1�uu;m|ĺ �| m;;7v |o 0; or;u-|;7 -| Ѵo� v�rrѴ� �oѴ|Ŋ
-];v |o -�ob7 - =ou�-u7 0b-v o= |_; �;ѴѴ 7bo7;vĺ

Circuit No. 4

M2

M1

Vtie0

�m �"	Ŋv-=; ঞ;Ŋ�;uo =ou �m�v;7 ���" Ѵo]b1 bmr�|v Őmo ��"Ŋ�$ ]-|;
v_o�Ѵ7 0; ঞ;7 7bu;1|Ѵ� |o - v�rrѴ� u-bѴőĺ $_; ঞ;Ŋom; 1-m 0; 1omv|u�1|;7
-11ou7bm]Ѵ�ĺ

Circuit No. 5

M1 M2Va Vb

Ibias

Vout

&vbm] - 1�uu;m| vo�u1; Ibias �b|_ Cmb|; o�|r�| blr;7-m1; |o 0b-v |_bv v|u�1Ŋ
|�u;ķ |_bv 1bu1�b| blrѴ;l;m|v -m *��! Ѵo]b1 =�m1ঞom ŐVout = Va ü Vbőĺ $_;
Ѵo]b1 bmr�|v Va -m7 Vb l�v| 0; 7ub�;m 0� Ѵo�Ŋo_lb1 Ѵo]b1 Ѵ;�;Ѵv 0;|�;;m
VDD -m7 VSSĺ

Circuit No. 6

M1

M2

Va

Vb

Ibias

Vout

$_bv v;ub;v 1omm;1ঞom o= |�o��"Ŋ�$v u;-Ѵb�;v - Ѵo]b1-Ѵ���	 =�m1ঞom
ŐVout = Va · Vbő �_;m 7ub�;m 0� Ѵo]b1 bmr�|vĺ

Circuit No. 7

M1 M2Va Vb

Ibias

Vout

$_bv 1bu1�b| 1olrѴ;l;m|v |_; Ѵo]b1 ]-|;v -m7 u;-Ѵb�;v - ��! =�m1ঞom
ŐVout = Va ‚ Vbőĺ

Circuit No. 8

M1
(W/L)1

M2
(W/L)2

Iin Iout

$_bv 1bu1�b| bv |_; 0-vb1 1�uu;m| lbuuouķ vbl�Ѵ|-m;o�vѴ� 1or�bm] -m7 vb�bm]
o= Iout = (W/L)2/(W/L)1 · Iin -11ou7bm] |o |_; 7bl;mvbomv o= M1 -m7 M2ĺ

Circuit No. 9

M1 M2

Ibias

Iout,n Iout,p

Vin,p Vin,n

$_; �0bt�b|o�v 7b@;u;mঞ-Ѵ r-bu Őou Ѵom]Ŋ|-bѴ;7 r-buőķ Ѵbh; |_; 1�uu;m| lbuuouķ
bv - =�m7-l;m|-Ѵ 0�bѴ7bm] 0Ѵo1h bm bm|;]u-|;7 1bu1�b|vĺ

Circuit No. 10

M1 M2

Iout,n Iout,p

Vin,p Vin,n

$_; rv;�7oŊ7b@;u;mঞ-Ѵ r-bu vr-u;v |_; |-bѴ 1�uu;m| vo�u1;Ľv _;-7uool bm
;�1_-m]; =ou u;7�1;7 1ollomŊlo7; u;f;1ঞomķ 0�| �b|_ |_; 0;m;C| o=
1Ѵ-vvŊ�� or;u-ঞomĺ

Circuit No. 11

Vin

M2

M1

Vbias

Vout

$_bv bv |_; vo�u1; =oѴѴo�;u Őou 1ollomŊ7u-bm v|-];őķ �ঞѴb�bm] M2 -v - 1�uŊ
u;m| vo�u1; |o 0b-v M1ĺ

Circuit No. 12

Vbias

M1

M2

Vin

Vout

$_; 1ollomŊvo�u1; -lrѴbC;u v|-]; �b|_ -1ঞ�; Ѵo-7ĺ

Circuit No. 13

Vbias

M1

M2

Vin

Iout

$_; 1-v1o7;7 1ollomŊvo�u1; v|-]; 0oov|v |_; o�|r�| blr;7-m1; o= M1
1omvb7;u-0Ѵ� |o rout ¥ gm2/(gds1 · gds2)ĺ

Circuit No. 14

Vbias2

M1

M2

Iin

Vbias1

Iout

$_bv bv |_; 1-v1o7;7 1ollomŊ]-|; v|-];ĺ �o|; |_-| Iout ¥ Iinķ 0�|
|_; blr;7-m1; Ѵ;�;Ѵ 1_-m];v 7u-vঞ1-ѴѴ�ķ 1u;-ঞm] ]-bm ou - _b]_ o�|r�|
blr;7-m1; -| |_; o�|r�| mo7;ĺ

Circuit No. 15

Vbias2

M2

M1

Vin ou Iin

Vbias1

Iout

$_; 1ollomŊ]-|; v|-];ķ ;lrѴo�bm] M2 -v - 1�uu;m| vo�u1; |o 0b-v |u-mŊ
vbv|ou M1ĺ $_; bmr�| 1-m 0; ;b|_;u - �oѴ|-];Ŋ ou - 1�uu;m|Ŋvb]m-Ѵĺ

Circuit No. 16

V1 ou I1 M1
M2 V2 ou I2

Von

Von

$_; |u-mvlbvvbom ]-|; v�b|1_;v ;b|_;u �oѴ|-]; ŐV1 -m7 V2ő ou 1�uu;m| ŐI1
-m7 I2ő Ő-m7 b| �ouhv u-bѴ |o u-bѴķ |ooőĺ

Circuit No. 17

M1

M2

V1

V2

Vsel1

Vsel2

Vcom

$_; ƑŊ|oŊƐl�ѴঞrѴ;�;uķ 1omm;1ঞm] ;b|_;u V1 ou V2 |o Vcomĺ 	;r;m7bm] om
Vsel1 -m7 Vsel2ķ |_; ��"Ŋ�$v -u; -Ѵ|;um-|;Ѵ� v�b|1_;7 om ou o@ĺ

Circuit No. 18

M1 M2

Iin Iout

$_bv 1bu1�b| bv -m blruo�;7 0�ѴhŊ7ub�;m 1�uu;m| lbuuou |_-| -ѴѴo�v Ѵo� �oѴ|Ŋ
-]; or;u-ঞomķ u;t�bubm] - �oѴ|-]; _;-7uool v�0v|-mঞ-ѴѴ� Ѵ;vv |_-m VGS1ĺ

Circuit No. 19

M1
(W/L)1

M2
(W/L)2

Vin

Vout

$_; 1ollomŊvo�u1; -lrѴbC;u �b|_ 7bo7; Ѵo-7 bv vol;ঞl;v 1-ѴѴ;7 -
�b7;Ŋ0-m7 -lrѴbC;u 7�; |o b|v ro|;mঞ-ѴѴ� _b]_Ŋvr;;7 or;u-ঞomĺ �;u;ķ
|_; ]-bm bv v;| ru;1bv;Ѵ� |o Av = Vout/Vin = ≠

p
(W/L)1/(W/L)2ķ omѴ� 7;Ŋ

r;m7bm] om |u-mvbv|ou vb�bm] Őb=�; m;]Ѵ;1| |_; 0o7� ;@;1| -m7 Cmb|; o�|r�|
1om7�1|-m1;őĺ

Circuit No. 20

M1 M2Vin

Ibias

Vout

$_bv �b7;Ŋ0-m7 -lrѴbC;u _-v |_; -7�-m|-]; o= - u;lo�;7 0o7� ;@;1| bm
M2 -m7 - ]uo�m7Ŋu;=;uu;7 o�|r�| mo7;ĺ

Circuit No. 21

M1 M2
Vp Vn

$_bv �Ѵ|u-ŊѴo�Ŋro�;u 7bo7; Ő&��	ő v_o�v - u;7�1;7 Ѵ;-h-]; bm |_; u;Ŋ
�;uv; 7bu;1ঞom �_;m Vn > Vpĺ

Circuit No. 22

Vin

M2

M1

Vout

$_bv 1Ѵ-vvŊ� r�v_Ŋr�ѴѴ =oѴѴo�;u 1-m 0; 1omvb7;u;7 -m ;m_-m1;7 �;uvbom o=
|_; vblrѴ; vo�u1; =oѴѴo�;uĺ �o�;�;uķ Ѵ-1hbm] - 1Ѵ-vvŊ� 0b-v 1olrom;m|ķ
|_bv v|u�1|�u; bv v�0f;1| |o 1uovvŊo�;u 7bv|ouঞomĺ

Circuit No. 23

Vin

M2

M1

Iout

$_bv 1bu1�b| bv -��"Ŋ�$Ŋ! 7;];m;u-|;7 1ollomŊvo�u1; v|-];ĺ �� vb�bm]
M2 -rruorub-|;Ѵ�ķ |_; 7;];m;u-ঞom 1-m 0; -7-r|;7ĺ $_bv -uu-m];l;m|
�vbm] |�o |u-mvbv|ouv 1-m -Ѵvo bm1u;-v; |_; Ѵ;m]|_ o= - Ő1olro�m7ő 7;�b1;ķ
=ou ;�-lrѴ;ķ bm 1�uu;m| lbuuouvķ -v o|_;u�bv;ķ ��"Ŋ�$v �b|_ 7b@;u;m| L
�bѴѴ mo| l-|1_ �;ѴѴĺ

Circuit No. 24

Vin

M2

M1

Vbias

Iout

$_bv bv - �-ub-ঞom o= |_; blrѴ;l;m|-ঞom v_o�m ;-uѴb;uķ �_;u; |_; 7;];mŊ
;u-ঞom o= M1 1-m 0; -7-r|;7 0� |�mbm] Vbiasĺ

Circuit No. 25

Vbias

M1

M2

Vin

Iout,p Iout,n

Ibias

$_bv 1ollomŊ]-|;ŋ1ollomŊvo�u1; |oroѴo]� o@;uv -m blr;7-m1;Ŋ
l-|1_;7 vbm]Ѵ;Ŋ;m7;7 bmr�| -m7 - 7b@;u;mঞ-Ѵ o�|r�|�_bѴ; vbl�Ѵ|-m;o�vѴ�
1-m1;Ѵbm] mobv; -m7 7bv|ouঞomĺ

Circuit No. 26

Vin

M2

M1

Vbias

Vout

Ibias

$_bv Ѵo�Ŋmobv; -lrѴbC;u�-v 7bv1o�;u;7 0� 7obm] -m ;�_-�vঞ�; v;-u1_ =ou
ro|;mঞ-Ѵ |�oŊ|u-mvbv|ou �b7;Ŋ0-m7 -lrѴbC;uvĺ ou ru-1ঞ1-Ѵ blrѴ;l;m|-Ŋ
ঞomķ M1 u;t�bu;v -m -1Ŋ1o�rѴbm] Ő-m7 ruor;u 0b-vbm]ő bm b|v ]-|; 1omm;1ঞom
|o h;;r M2 bm v-|�u-ঞomĺ

Circuit No. 27

M2

M1

Vbias

$_bv ŐvblrѴ;ő 0b-v �oѴ|-]; ];m;u-|ou �v;v |_; 1�uu;m| vo�u1; M1 |o 0b-v
M2 vo |_-| Vbias = VGS2ĺ �o|; |_-| |_; ];m;u-|;7 �oѴ|-]; bv v�v1;rঞ0Ѵ; |o
1_-m];v bm ruo1;vvķ v�rrѴ� �oѴ|-];ķ -m7 |;lr;u-|�u; Ő�($őĺ

Based on: Harald Pretl and Matthias Eberlein, “Fifty Nifty Variations of Two-Transistor Circuits: A tribute to the versatility of MOSFETs,” in IEEE Solid-State Circuits Magazine, Summer 2021.
doi: 10.1109/MSSC.2021.3088968, harald.pretl@jku.at
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Circuit No. 28

M2

M1

Vref

$_bv 1omv|-m| 0b-v �oѴ|-]; ];m;u-|ou 1u;-|;v - u;l-uh-0Ѵ� v|-0Ѵ; o�|Ŋ
r�| �oѴ|-]; Őmo|; |_-| M1 -m7 M2 l�v| _-�; 7b@;u;m| |_u;v_oѴ7 �oѴ|-];v
Vth1 ”= Vth2őĺ

Circuit No. 29

Vptat
M1
(W/L)

M2
K · (W/L)

Ibias

$_bv 1bu1�b| bv - �$�$ �oѴ|-]; ];m;u-|ouķ b= M1 -m7 M2 -u; h;r| bm v�0Ŋ
|_u;v_oѴ7 or;u-ঞomĺ

Circuit No. 30

M2

M1Vclk

Vbias2

Vbias1

Iout

$_bv r� 1�uu;m| vo�u1; bv 0-v;7 om |_; r;ubo7b1 CѴѴbm] -m7 Y�v_bm] o=
|_; "bŋ"b�Ƒ bm|;u=-1; |u-rv 0� -Ѵ|;um-ঞm] M1 0;|�;;m -11�l�Ѵ-ঞom -m7
bm�;uvbomĺ �| 1-m or;u-|; �b|_ u;-vom-0Ѵ� _b]_ 1Ѵo1h =u;t�;m1b;v -m7 vঞѴѴ
1u;-|; ঞm� 1�uu;m|vĺ

Circuit No. 31

M1 M2

Ibias

Vp Vn

$�o |u-mvbv|ouv �b|_ 1uovvŊ1o�rѴbm] =oul - m;]-ঞ�; u;vbv|-m1; 0;|�;;m
Vp -m7 Vnķ l-bmѴ� ;lrѴo�;7 bm ov1bѴѴ-|ouv -m7 1olr-u-|ouvĺ �v bm - 7b@;uŊ
;mঞ-Ѵ r-buķ |_; 0b-v 1�uu;m| vo�u1; 1-m 0; u;rѴ-1;7 0� - C�;7 ro|;mঞ-Ѵĺ

Circuit No. 32

M1 M2Vbias Vbias

Vp Vn

$_bv 1bu1�b| bv - Ѵo�Ŋ�oѴ|-]; �;uvbom o= - 1uovvŊ1o�rѴ;7 r-buķ �_;u; |_;
0o7� 1om|uoѴv |_; ��"Ŋ�$vķ -�ob7bm] |_; vb]mbC1-m| VGS 7uor -| Vp -m7
Vnĺ

Circuit No. 33

M1 M2Vp Vn

Vbias

$_bv �-u-1|ou Ő|_; 1-r-1b|-m1; 0;|�;;m Vp -m7 Vn 7;r;m7v om |_; 0b-v
�oѴ|-]; Vbiaső bv o[;m �v;7 bm �oѴ|-];Ŋ1om|uoѴѴ;7 ov1bѴѴ-|ouvĺ �m lov| |;1_Ŋ
moѴo]b;vķ |_; ���" 1-m 0; r�| bmvb7; |_; mŊ�;ѴѴ vo |_-| |_; �-u-1|ou
�ouhv bm -11�l�Ѵ-ঞomķ ruo�b7bm] -m orঞlb�;7 |�mbm] u-m]; -m7 _b]_ Qĺ

Circuit No. 34

Vp M1
M2 Vn

$_; -mঞŊr-u-ѴѴ;Ѵ ��"Ŋ�$ 7bo7;v 1-m 0; ;lrѴo�;7 =ou l-m� |_bm]vķ =ou
;�-lrѴ;ķ �oѴ|-]; 1Ѵ-lrbm]ĺ

Circuit No. 35

Vp

M1

M2

Vn

$_; -mঞŊr-u-ѴѴ;Ѵ ��"Ŋ�$ 1-r-1b|ouv l-h; |_; 7b@;u;mঞ-Ѵ 1-r-1b|-m1;
0;|�;;m Vp -m7 Vn lou; Ѵbm;-u -m7 v�ll;|ub1-Ѵĺ �v bm - �-u-1|ouķ -m
���"ŋbmŋmŊ�;ѴѴ bv -m orঞomĺ

Circuit No. 36

Vbias

M1

M2

Ibias

Zin

$_bv 1bu1�b|ķ �_b1_ bv - vblbѴ-u 1omC]�u-ঞom -v |_; Ybrr;7 �oѴ|-]; =oѴѴo�;uķ
1-m =�m1ঞom -v -m -1ঞ�; bm7�1|ouķ ruo�b7bm] L = CGS1/(gm1 · gm2)ĺ

Circuit No. 37

M2

M1

Vin

Vout

$_bv 1bu1�b| bv -m -u;-Ŋ;L1b;m| �oѴ|-]; 7b�b7;uĺ �= M1 -m7 M2 -u; o= |_;
v-l; vb�;ķ |_;m Vout ¥ Vin/2ĺ �[;mķ - ���" �;uvbom bv - 0;�;u 1_ob1;
vbm1; b| 1-m -�ob7 |_; 0o7� ;@;1| 0� |�bm] |_; 0o7� |o |_; u;vr;1ঞ�;
vo�u1; =ou M1 -m7 M2ĺ

Circuit No. 38

Vbias

M1

M2

Iout2

Iout1

Iin

$_bv blrѴ;l;m|-ঞom bv |_; ��Ѵ| 1�uu;m| 7b�b7;u Őb= M1 -m7 M2 -u; o= b7;mŊ
ঞ1-Ѵ vb�;ķ |_;m Iin bv ru;1bv;Ѵ� vrѴb| bm _-Ѵ= 0;|�;;m Iout1 -m7 Iout2őĺ

Circuit No. 39

M2

M1
VoutVin

Vsample

$_bv bv - v-lrѴ;Ŋ-m7Ŋ_oѴ7 1bu1�b| -v �v;7 bm - Ѵo| o= �	� blrѴ;l;m|-ঞomvķ
�vbm] |_; ]-|; 1-r-1b|-m1; o= M2 -v - v|ou-]; 1-r-1b|ou Ő- Ѵo� |o �;uo Vth
�o�Ѵ7 0; -m -7�-m|-]; bm |_bv 1-v;őĺ

Circuit No. 40

M1 M2
Vp Vn

$_bv -uu-m];l;m| 1u;-|;v -m ;moulo�v u;vbv|-m1; 0;|�;;m Vp -m7 Vnķ -ѴŊ
|_o�]_ v�v1;rঞ0Ѵ; |o |;lr;u-|�u; -m7 ruo1;vv �-ub-ঞomvĺ

Circuit No. 41

Vlo

M1

M2

Vrf

Iout

�m |_bv 7�-ѴŊ]-|; ��"Ŋ�$ lb�;uķ |_; r;ubo7b1 Ѵo1-ѴŊov1bѴѴ-|ou vb]m-Ѵ Vlo
1-�v;v |_; ঞl;Ŋ�-ub-m| 1_-m]; o= |_; |u-mv1om7�1|-m1; o= M1ķ u;v�Ѵঞm]
bm - =u;t�;m1� 1om�;uvbom =uol |_; bmr�| Vrf |o |_; o�|r�| Ioutĺ

Circuit No. 42

M2

M1
VoutVin

Vbias

$_; v-lrѴ;Ŋ-m7Ŋ_oѴ7 1bu1�b| 0;1ol;v - 1omঞm�o�vŊঞl; Ѵo�Ŋr-vv CѴ|;u
b= M1 bv 1omm;1|;7 |o - C�;7 0b-v �oѴ|-]; bmv|;-7 o= - 1Ѵo1h vb]m-Ѵĺ �o|;
|_-| |_bv 1bu1�b| |u-mv=oulv bm|o - _b]_Ŋr-vv CѴ|;u �_;m M1 -m7 M2 -u;
v�-rr;7ĺ

Circuit No. 43

M2

M1

Vpeak

Vin

$_bv 1bu1�b| bv - lbmbl-Ѵbvঞ1 r;-hŊ�oѴ|-]; 7;|;1|ou Ő;vv;mঞ-ѴѴ� -l-�Ŋ_oѴ7őķ
�_;u; Vpeak = Vin,max ≠ Vgs1ĺ

Circuit No. 44

M2

M1 VoutVin

� vblbѴ-u 1bu1�b| |o |_; r;-h 7;|;1|ou 1-m =�m1ঞom -v -m -rruo�bl-|; �oѴ|Ŋ
-]; 7o�0Ѵ;u�_;m 7ub�;m 0� - vbm�vob7-Ѵ bmr�| �oѴ|-]; Őom m;]-ঞ�; v�bm]v
o= Vin |_; 1-r-1b|ou M1 ];|v 1_-u];7 |o |Vin| ≠ Vgs2ķ �_b1_ bv -77;7 |o Vin
7�ubm] rovbঞ�; v�bm]v �_;m M2 bv o@őĺ �v bm -m� 1bu1�b| �b|_ m;]-ঞ�;
�oѴ|-];vķ ruor;u 1omm;1ঞom o= |_; �;ѴѴv bv u;t�bu;7ĺ

Circuit No. 45

M2

M1
Vp Vn

Ibias

$_bv 1bu1�b| blrѴ;l;m|v - 1�uu;m|Ŋ1om|uoѴѴ;7 Ő_b]_Ŋblr;7-m1;ő Yo-ঞm] u;Ŋ
vbv|ou 0;|�;;m Vp -m7 Vnĺ

Circuit No. 46

M1

M2

Ibias

Vp

Vn

$_; Yo-ঞm] Ѵ;�;Ѵ v_b[ Őou ľYo-ঞm] 0-�;u�Ŀő ;@;1ঞ�;Ѵ� v_b[v - 0b-v robm|
0;|�;;m Vp -m7 Vnķ -v Vshift = Vp ≠ Vn = VGS1 + VGS2ĺ

Circuit No. 47

Vbias

M2

M1

Iin Vout

$_bv 1bu1�b| bv - r;u=;1|Ѵ� Ѵbm;-u IŊ|oŊV 1om�;u|;u �b|_ Vout/Iin = [µCox ·
(W/L) · (Vbias ≠ 2Vth)]≠1ķ b= �; -vv�l; - vt�-u;ŊѴ-� 0;_-�bouķ m;]Ѵ;1| |_;
0o7� ;@;1|ķ -m7 M1 -m7 M2 -u; o= v-l; vb�; -m7 h;r| bm v-|�u-ঞomĺ

Circuit No. 48

Vin

M2

M1 Vout

$_bv Ѵ;�;ѴŊv_b[;u 1bu1�b| v_b[v - 7b]b|-Ѵ bmr�| �oѴ|-]; Vin |o -m o�|r�| �oѴ|Ŋ
-]; Vout v�bm]bm] -uo�m7 VSSĺ

Circuit No. 49

Vin

M2

M1

Ibias

Vout

$_; Ybrr;7�oѴ|-]; =oѴѴo�;u bv -m blruo�;7 �;uvbom o= |_; v|-m7-u7 vo�u1;
=oѴѴo�;uķ ;lrѴo�bm] =;;70-1h |o Ѵo�;u |_; o�|r�| blr;7-m1; |o rout =
gds2/(gm1 · gm2)ĺ

Circuit No. 50

M1

M2

Vbias Iin

IoutIbias

$_; u;]�Ѵ-|;7 1-v1o7; blruo�;v |_; ;@;1| o= |_; 1-v1o7; M1 0� gm2/gds2
7�; |o =;;70-1hĺ �o|; |_-| |_; vo�u1; o= M2 1-m 0; ঞ;7 |o ]uo�m7 b=
1ol0bm;7 �b|_ - 1ollomŊvo�u1; bmr�| v|-];ĺ

Circuit No. 51

M2

M1

Vctat

��rѴobঞm] |_; r-u-vbঞ1 ŐѴ-|;u-Ѵő ��� |u-mvbv|ou bm_;u;m| bm - ���" v|u�1Ŋ
|�u;ķ |_bv vblrѴ; �$�$ �oѴ|-]; ];m;u-|ou 1-m 0; 1u;-|;7ĺ

Circuit No. 52

M1

M2 Vbias

Ibias1

Ibias2

VE

VB

$_; r-u-vbঞ1 ��$ ŐѴ-|;u-Ѵ ou �;uঞ1-Ѵő o[;m v�@;uv =uol roou — π 10ĺ $_bv
1bu1�b| =ou1;v |_; 1oѴѴ;1|ou 1�uu;m| o= |_; r-u-vbঞ1 Ő�;uঞ1-Ѵő ��� Őu;-Ѵb�;7
0� M1ő |o IC = Ibias1 ≠ Ibias2ķ -Ѵ|_o�]_ |_; 1oѴѴ;1|ou |;ulbm-Ѵ Ő0;bm] |_;
pŊv�0v|u-|;ő bv mo| -11;vvb0Ѵ;ĺ �� 7obm] |_bvķ |_; u;v�Ѵঞm] VEB = VE ≠ VB
1-m 0; -11�u-|;Ѵ� �v;7 bm - 0-m7]-r 1bu1�b|ĺ

Based on: Harald Pretl and Matthias Eberlein, “Fifty Nifty Variations of Two-Transistor Circuits: A tribute to the versatility of MOSFETs,” in IEEE Solid-State Circuits Magazine, Summer 2021.
doi: 10.1109/MSSC.2021.3088968, harald.pretl@jku.at



Why Write Such an Article?
• It is fun, and a celebration of engineers’ ingenuity and creativity!


• It shows the versatility of the MOSFET. Depending on bias conditions, it works as


• So a couple of years ago a thought appeared: 
 
„How many circuits with 2 transistors are there?“ — and we started collecting.



Some Tried to Systematically Find Useful Circuits

[2]

[3]



Now Let’s Look Into the 50 
Circuit Snippets we Collected



Quite a Few are Well-Known Classics

[4] [5]

[6]

7



Some Have a Dual-Use Not-That-Obvious

[4] [7,8]

8



[9] [10]

Same Arrangement, Different Application

9



Some Use All 4-Terminals of the MOSFET

[11] [12]

[13] [14]

10



Some are Super Useful but Rarely Taught in School

[15]

[16]

11



Some are Pretty Clever: pA Current Source

[17]

12



Some are Pretty Clever: Voltage Reference

[18]

<latexit sha1_base64="Mdg6VKSiH5pTAQSBELmiF7DrGNg="></latexit>

Vref =
n1n2

n1 + n2
(Vth2 � Vth1) +

n1n2

n1 + n2
VT ln

✓
µ1Cox1W1L2

µ2Cox2W2L1

◆
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Some are Pretty Clever: PNP IC Control

[19]

14



Some are Pretty Clever: Bult Current Divider

[20]

<latexit sha1_base64="QDSAj073TOV5g+23uK4xV42UZlc="></latexit>

= Ibias �
1

2
Iin

<latexit sha1_base64="YUym7PNUvp1UdXL1f/UxpE49gs4="></latexit>

= Ibias +
1

2
Iin
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Final Remarks

• The MOSFET is a wonderful device, despite all its quirks — try a hand 
calculation of gm or gds in a nm-device.


• One would think that all useful two-transistor circuits have long been 
invented — this does not seem to be the case.


• You never know how MOSFETs are used in a circuit — thus need models 
that work well in all kinds of operating modes and bias conditions.
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