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THE ANALOG MIND

Behzad Razavi

W

Analog Design Experiments With AI—Part 1

With the rapid rise of artificial intel-
ligence (AI) in various fields, we nat-
urally wonder whether it can help 
or even replace analog designers. In 
this article series, we embark upon a 
sequence of experiments with Chat-
GPT that explore this possibility.

Study Framework
As with any training, our first task 
is to assess the trainee’s back-
ground knowledge. In this first arti-
cle, therefore, we wish to evaluate 
ChatGPT’s present capabilities and, 
specifically, probe the depth of its 
conceptual understanding beyond 
what it can readily find from online 
resources. Our experiments proceed 
at the undergraduate level, assum-
ing that someone with a bachelor’s 
degree has completed a series of 
analog circuits courses and has now 
turned to ChatGPT for assistance.

To quantify our results, we assign 
a score between 0 and 4 to Chat-
GPT’s answers. Also, to avoid skew-
ing the evaluation, no feedback is 
given to ChatGPT. Note that ChatGPT, 
by default, assumes square-law MOS 
devices. In this first article, we focus 
on only one- or two-transistor circuits.

ChatGPT Interface
The nature of our experiments is 
partly constrained by ChatGPT’s 
interface limitations. We can enter 
questions as text or as images. The 
former confines us to simple que-
ries, offering little assistance with 

detailed analysis and design. The 
latter proves more versatile and will 
be used extensively in our studies.

ChatGPT’s output interface also 
presents certain challenges. Beyond 
text and equations, it can plot some 
parameters based on assumed 
component values, but it does not 
produce easy-to-read circuit sche-
matics. ChatGPT also informs us 
that it cannot perform circuit sim-
ulations, a severe impediment to 
developing intuition, optimizing 
performance, and dealing with com-
plex designs.

Basic Questions
Q1: If we double the length and 
width of a MOSFET, what happens to 
its intrinsic gain?

ChatGPT: ,A g ri m O=  / ,g W Lm ?  
;r LO ?  thus, g rm O  is doubled.

Comments: This answer is cor-
rect if the overdrive voltage is 
assumed constant; the drain current 
and gm  remain unchanged while 

/( )r I1O Dm=  is doubled. Score: 4
Q2: Student A says the transcon-

ductance of a MOSFET goes up as the 
overdrive voltage increases. Student 
B says it goes down. Who is correct?

ChatGPT: ( / )g C W L Vm n ox ovn= =

/ .I V2 D ov  At fixed ,Vov  a larger Vov  

yields a larger .gm  At fixed ,ID  
increasing Vov  makes gm  go down.

Comments: The first part of the 
answer is incorrect as it assumes 
that Vov  is fixed, but it becomes 
larger! The correct answer is that if 
( / )W L  is fixed, then increasing Vov  
yields a larger .gm  Score: 2

Q3: Is the small-signal model of 
a PMOS device identical to that of an 
NMOS device?

ChatGPT: Yes.
Comment: The answer is cor-

rect. Score: 4

One-Transistor Circuits
Q4: Sketch IX  versus VX  in the cir-
cuit in Figure 1.

ChatGPT: For ,V VX TH#  .I 0X .  
For ,V VX TH2  IX  rises quadratically 
with .VX

Comment: The answer is cor-
rect. Score: 4

Q5: Sketch IX  versus. VX  in the 
circuit of Figure 2.

ChatGPT: For ,V V V 1VTH X TH1 1 +   
IX  rises quadratically. For V VX TH2 +

1V, it transitions to a straight line.
Comment: This answer is cor-

rect. Score: 4
Q6: Can the device shown in Fig-

ure 3 act as a current source?
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FIGURE 1: ChatGPT correctly predicts the 
behavior of IX. 
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FIGURE 2: ChatGPT correctly predicts the 
behavior of IX. 
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ChatGPT: Yes, it can act as a cur-
rent source. The device is an NMOS 
transistor with its gate shorted to its 
drain and called a diode-connected 
MOSFET.

Comments: ChatGPT makes two 
mistakes here. First, it does not real-
ize that the device presents a low 
impedance. Second, it thinks that the 
device is an NMOS transistor. As seen 
later, ChatGPT does recognize the 
PMOS symbol in other contexts. Inter-
estingly, it correctly identifies the 
structure as a diode-connected topol-
ogy, and yet it believes that it makes 
a good current source. Score: 0

Q7: Analyze the circuit shown in 
Figure 4.

ChatGPT: Transistor M1 is an NMOS 
device whose source is connected to 

.RS  /( ).A g R g R1v m D m S=- +

Comments: Again, ChatGPT 
confuses PMOS and NMOS devices. 
Score: 1

Q8: Analyze the circuit shown in 
Figure 5.

ChatGPT: This is a source fol-
lower. /( ).A g R g R1v m S m S= +

Comments: The answer is cor-
rect. We will see, however, that a 
slight modification confuses Chat-
GPT. Score: 4

Q9: Analyze the circuit shown in 
Figure 6.

ChatGPT: This is a common-
source amplifier. The input is 
applied to the gate.

Comments: The answer is incor-
rect. Strangely, ChatGPT believes that 
the input is tied to the gate. Score: 0

Q10: Analyze the circuit shown 
in Figure 7.

ChatGPT: This is a common-gate 
amplifier. The input is applied at the 
source (through ).C1  .A g Rv m D.

Comments: ChatGPT does iden-
tify the topology correctly, but it is 
oblivious to the short between the 
source and ground. Score: 1

Q11: How many poles does the 
circuit of Figure 8 have?

ChatGPT: There are two indepen-
dent energy-storing nodes. Thus, 
the circuit has two poles.

Comments: The answer is cor-
rect. However, energy storage 
should be attributed to devices 
rather than to nodes. Score: 3

Q12: Analyze the circuit shown 
in Figure 9.

ChatGPT: M1 : NMOS, source at 
ground. :RR -1 2  Resistor divider at 
output. The circuit has negative 
feedback.

Comments: The answer is 
mostly correct, except that ChatGPT 
believes that the source of M1  is 
grounded. Score: 3

Two-Transistor Circuits
Q13: Analyze the circuit shown in 
Figure 10.

ChatGPT: M1  (NMOS) acts as 
the main amplifying transistor. M2  

M1

IX

FIGURE 3: ChatGPT incorrectly explains 
that this configuration acts as a good 
current source 
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FIGURE 4: ChatGPT incorrectly identifies 
M1 as an NMOS device. 
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FIGURE 5: ChatGPT correctly analyzes this 
source follower. 
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FIGURE 6: ChatGPT incorrectly calls this 
topology a common-source stage. 
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FIGURE 7: ChatGPT ignores the short from 
the source of M1 to ground. 
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FIGURE 8: ChatGPT correctly predicts the 
number of poles in this circuit. 
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FIGURE 9: ChatGPT correctly explains that 
this structure includes negative feedback 
but believes that the source of M1 is 
grounded. 
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FIGURE 10: ChatGPT incorrectly identifies 
this topology as a common-source 
amplifier. 
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(NMOS) acts as a current-source 
load. The circuit is a common-
source amplifier with an active load. 

( ).A g r rv m O O1 1 2. <-

Comments: The answer is incor-
rect. Even though this structure is 
only slightly different from that in 
Figure 5, ChatGPT does not realize 
that it is a source follower. More-
over, it lacks the intuition that two 
NMOS transistors cannot form a 
common-source stage with an active 
load. Score: 0

Q14: Analyze the circuit of Fig-
ure 11(a).

ChatGPT: This is the classic 
CMOS inverter.

Comments: The answer is correct, 
suggesting that ChatGPT recognizes 
both NMOS and PMOS symbols. 
Score: 4

Q15: Analyze the circuit shown 
in Figure 11(b).

ChatGPT: :M1  A PMOS transistor; 
:M2  An NMOS transistor. This is the 

CMOS inverter.
Comments: The answer is incor-

rect. While not a useful structure, 
this example serves to test ChatG-
PT’s conceptual understanding. Evi-
dently, ChatGPT looks for a topology 
in which the gates of two transistors 

are tied to the input signal, conclud-
ing that this arrangement must be 
an inverter. Score: 0

Q16: Analyze the circuit of Figure 12.
ChatGPT: This is a common-

source stage with a diode-connected 
load. /( / ).A g g r1v m m O1 2 2=- +

Comments: The answer is cor-
rect. However, ChatGPT decides to 
include channel-length modulation 
for M2  but not for .M1  Score: 3

Q17: Analyze the circuit of Figure 13.
ChatGPT: The circuit has two 

stacked NMOS devices. M2 acts as a 
diode-connected load, and M1 as the 
amplifying transistor. / .A g gv m m1 2=-

Comments: All parts of the 
answer are incorrect. ChatGPT does 
mention that Vin  is applied to the 
gate of ,M2  but it is confused about 
the rest of the circuit. Score: 0

Q18: Find Rout  in Figure 14.
ChatGPT: This is a cascoded 

NMOS current source. Looking into 
the output node (the drain of ,M1  
i.e., the node between M1  and ),M2  

.R r r g r rO O m O Oout 1 2 2 1 2= + +  Intu-
ition: The cascode device M2  holds 
the drain of M1  nearly constant.

Comments: ChatGPT is greatly 
confused here. In addition to mistak-
ing PMOS devices for NMOS transis-

tors, it believes that M2 is the cascode 
device, perhaps because it is drawn 
above .M1  The Rout  expression fol-
lows the same mistake. Score: 0

Q19: How do we ensure that M2  
is in saturation in Figure 14?

ChatGPT: Treat M2  as the PMOS 
device whose source is at .VDD  So we 
ensure that M2  is in saturation by 
choosing Vb2  so that X never rises 
above .V Vb T2 2+

Comments: In contrast to the pre-
vious question, ChatGPT now iden-
tifies at least M2 as a PMOS device. 
However, it does not realize that VX  
is primarily controlled by ,Vb1  i.e., Vb1  
must be less than .V V VGS TH GS2 2 1- +  
Score: 1

Q20: Analyze the circuit shown 
in Figure 15.

ChatGPT: This is a common-
source amplifier with an active load. 
M1 : NMOS, M2 : PMOS, with its drain 
connected to X and its source to .Vout

Comments: The answer is incor-
rect. Strangely, ChatGPT takes M2  to 
be a PMOS device. Even if we accept 
that, the topology would not qualify 
as a common-source stage with an 
active load. Score: 0

Q21: Is the circuit of Figure 16 a 
cascode structure?

VDD VDD

M1

M2

M2

M1

Vout
VoutVin

Vin

(a) (b)

FIGURE 11: ChatGPT believes that both of these circuits are CMOS inverters. 
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FIGURE 12: ChatGPT correctly identifies 
this circuit. 
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FIGURE 13: ChatGPT incorrectly identifies 
both transistors as NMOS devices. 
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FIGURE 14: ChatGPT believes that this is 
an NMOS cascode. 
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FIGURE 15: ChatGPT incorrectly identifies 
M2 as a PMOS device. 
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ChatGPT: Yes, this is a cascode 
structure. The output resistance 
becomes .r g r rm O Oout 2 2 1.

Comments: The answer is incor-
rect. Transistor M1 acts as a source 
follower rather than a common-source 
stage. The output resistance is equal 
to ( )/ .g r g r1 m O m O2 2 1 2+ +  Score: 0

Q22: Explain why the Miller effect 
is less pronounced in a cascode.

ChatGPT: In a cascode, you stack 
a common-gate device ( )M2  on top of 
the common-source device ( ).M1  The 
drain of M1  is “clamped” by M2 , which 
keeps the voltage at the drain of M1  
relatively constant. So the effective 
gain across Cgd1  is very small.

Comments: ChatGPT is partially 
correct. The effective gain across 
Cgd1  is about ,2-  hence not very 
small. Score: 3

Q23: Analyze the circuit shown 
in Figure 17.

ChatGPT: M1  (PMOS), M2  (NMOS), 
its gate receives .Vin  This is a com-
mon-source amplifier with an active 
load. .V g r V,m O eqout 2 in=-

Comments: The answer is incor-
rect. It is unclear why ChatGPT 
believes that Vin  is applied to the 
gate of .M2  Score: 0

Q24: How many poles does the 
circuit of Figure 18 have?

ChatGPT: Two poles as there 
are two independent energy-storing 
nodes. The output node contains CGS2  
(to the ac-grounded gate of ),M2  etc.

Comments: The number of poles 
is correct. However, CGS2  does not 
appear at the output node. Score: 3

Q25: Analyze the circuit shown 
in Figure 19.

ChatGPT: Response 1: This is a two-
NMOS series transistor with a resistive 
load. This is a differential-style cas-
code, sometimes called a gain-boost-
ing stage. ( ).A g r r Rv m O O D1 1 2= -  
Response 2: M2 is a diode-connected 
NMOS. This is the classic NMOS differ-
ential amplifier’s “half-circuit.”

Comments: Both answers are 
incorrect and indicate great confu-
sion. If M1  and M2  are identical, this 
structure is equivalent to a single 
transistor having twice the channel 
length. This topology is commonly 
used today in FinFET technologies if 
a longer channel is desired. Score: 0

Q26: Analyze the circuit of Fig-
ure 20.

ChatGPT: :M1  NMOS with its gate 
driven by ,Vin  :M2  NMOS used as an 

active load/current mirror transis-
tor. This is a common-source ampli-
fier with an NMOS cascode.

Comments: The answer is incor-
rect and not even consistent. This 
arrangement can be viewed as a 
source follower, ,M1  driving a com-
mon-gate stage, .M2  Score: 0

Q27: Explain why the output 
impedance of the circuit shown in 
Figure 21 can be inductive.

ChatGPT: This is a cascode cir-
cuit with source degeneration at 
the input. Looking into the drain of 

,M2  /( ).Z g R sCm S gsout 1 1.  The gate-
source capacitance of M1  combined 
with RS  creates a phase shift. After 
being “buffered” by the cascode tran-
sistor, ,M2  this combination mimics 
an inductor.

Comments: The answer is mostly 
incorrect. The intuition is that Zout  is 
equal to /g1 m1  at very low frequen-
cies and RS  at very high frequen-
cies (as CGS1  shorts the gate and the 
source). Score: 2

Q28: Analyze the circuit shown 
in Figure 22.

ChatGPT: :M1  NMOS, common-source 
stage; :M2  NMOS, diode-connected (its 
gate and drain are shorted at X). The 
input is a current source.

Comments: ChatGPT fails to real-
ize that the gate of M2 is tied to the 
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FIGURE 16: ChatGPT incorrectly believes 
that this is a cascode structure. 
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FIGURE 17: ChatGPT calls this circuit a 
common-source amplifier. 
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FIGURE 18: ChatGPT correctly predicts the 
number of poles in this circuit but believes 
that CGS2 is tied to the output. 
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FIGURE 19: ChatGPT calls this topology 
a differential-style cascode or a gain-
boosting stage. 
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FIGURE 20: ChatGPT calls this 
arrangement a common-source amplifier 
with an NMOS cascode. 
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FIGURE 21: ChatGPT calls this structure a 
cascode circuit with source degeneration. 
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output. As a result, it ignores the (posi-
tive) feedback loop around the circuit. 
Score: 1

Q29: Analyze the circuit of Figure 23.
ChatGPT: :M1  NMOS, with gate at 

X; :M2  NMOS, gate biased at constant 
;Vb  :RF  Feedback resistor. M1  con-

verts the source voltage into a drain 
current. M2  is a common-source 
amplifier with fixed gate bias .Vb

Comments: ChatGPT is confused 
about the connections of M1  and 

.M2  The statement “M2  is a common-

source amplifier with fixed gate volt-
age” is self-contradictory. Score: 2

Q30: Analyze the circuit shown 
in Figure 24.

ChatGPT: :M1  NMOS; acts as a 
cascode transistor. :M2  NMOS, with 
the gate tied to the input, operates 
as the amplifying device.

Comments: The answer is incor-
rect. Also, ChatGPT fails to see the 
feedback loop. Score: 0

Overall Assessment
Adding up the scores, we obtain a total 
of 49 out of 120 points, i.e., 41%, as 
ChatGPT’s performance in this evalu-
ation. We also observe that ChatGPT 
exhibits a poorer performance with two-
transistor circuits than with one-transis-
tor topologies. More serious, though, is 
ChatGPT’s inconsistent, flawed concep-
tual understanding as the structures 
begin to depart from those available 
in online resources.�
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FIGURE 23: ChatGPT believes that the 
gate of M1 is tied to X. 
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FIGURE 24: ChatGPT incorrectly identifies 
M1 as an NMOS device. 
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FIGURE 22: ChatGPT believes that M2 is a 
diode-connected device. 

EDITOR’S NOTE (continued from p. 5)

current continuity even in regions 
without physical charge transport. 
Behzad’s “The Analog Mind” column 
[A8] begins a new series exploring 
whether AI tools could one day take 
over the field of analog design. Chris’ 
“Shop Talk” column [A9] examines 
active feedback amplifiers—circuits 
that place active devices in the feed-
back path—and explains their prop-
erties and advantages. Farhana’s 
“Circuits From a System Perspec-
tive” column [A10] explores how tiny 
MEMS devices make motion sensing 
possible in everyday technologies.

The goal of the magazine contin-
ues to be to provide Society news and 
information as well as a series of self-
contained resources to keep SSCS 
members up-to-date with changes 
in technology while, at the same 
time, providing reviews of circuit 
design concepts. This includes con-
tributions from experts describing 
the current state of affairs and the 

evolution of a particular IC technol-
ogy. We will also continue to feature 
articles focused on the contributions 
of luminaries and solid-state circuit 
techniques and directions.

We hope you enjoy reading IEEE 
Solid-State Circuits Magazine. Please 
send comments to me at lbelosto@
ieee.org.
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