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Abstract - This work presents the analog behavior of n-type 
forksheets from room to 150oC with channel lengths of 26 
and 70 nm. These devices present a Zero Temperature-
Coefficient (ZTC) point for gate voltage around 0,59 V 
(VZTC) in saturation region. The threshold voltage variation 
with temperature (dVT/dT) is around -0,5mV/oC due to the 
Fermi level decrease. The DIBL increase with temperature 
but it is kept lower than 51mV/V in the studied temperature 
range. The transconductance and output conductance 
decrease (mainly due the mobility degradation) which 
results in an intrinsic voltage gain around 36 dB, showing a 
slight change (±2dB) in the studied temperature range. The 
maximum unit gain frequency was estimated around       
3.87 GHz in strong inversion regime. The results show that 
the forksheet can also be used for analog applications at 
high temperature, in addition to the already known savings 
in footprint area compared to nanosheet technology. 
Keywords – Forksheet, Analog Parameters, High Temperature. 

I.  INTRODUCTION 
The continuous downsizing of CMOS technology and the 

need to improve device performance have motivated the 
evolution of transistor structures from FinFETs to nanosheets 
[1-3]. However, with the search for a smaller footprint area in 
the integrated circuit, devices that integrate n and p-type 
transistors in the same structure have attracted the attention of 
the scientific community. Keeping it in mind, the 
complementary FETs (CFETs) [4] and forksheet [5] structures 
have been studied. CFET are obtained by stacking n and p-type 
nanosheets on top of each other, while in the forksheets the n 
and p-type transistor are separated by a lateral dielectric          
wall [6]. 

Complementary to the study presented in [7, 8] where the 
basic forksheet parameters were studied, this work focuses on 
analyzing the potential of forksheets for analog applications at 
high temperatures. 

II. DEVICE CHARACTERISTICS 
The forksheets were fabricated in imec/Belgiun with the 

details shown in [7, 8]. The forksheet schematic structure and 
TEM image can be seen in Fig.1. The devices used in this work 
are n-types with silicon thickness of HFS = 7nm, silicon width 
of WFS = 23 nm, Weff  212 nm (2.WFS + HFS)x4, layout gate 
length of LG = 26 and 70 nm. These devices were submitted at 
25oC, 100oC and 150oC. The gate stack is based on HfO2 (high-
k) and TiAl (eWF layers) with EOT  1.1 nm. Only for an 
estimation of the unit gain frequency (fT), it was used a p-type 
forksheet with large dimensions with LG = 250 nm and            
Weff = 31200 nm.  

III. ELECTRICAL CHARACTERIZATION AND RESULTS  
The electrical characterization of forksheet was performed 

using the Semiconductor Parameter Analyzer B1500 [9]. Fig. 2 
shows the drain current (ID) as a function of gate voltage (VGS) 
in saturation region showed in linear and logarithm scale from 
room up to 150oC. It is possible to observed the presence of 
Zero-Temperature Coefficient point (ZTC) where VZTC (VGS at 
ZTC point) is around 0,59 V in saturation region (VDS=700mV). 
The presence of ZTC is good for analog application. For many 
analog circuit applications, it is desirable to bias the devices at 
a point in a circuit where the voltage/current show a very little 
or no variation with temperature, i.e. in ZTC point. The 
presence of ZTC is related to the competition between the 

decrease of threshold voltage (VT) and the degradation of carrier 
mobility () when the temperature increase. For VGS < VZTC the 
VT is the dominant factor on ID value and for VGS > VZTC, the 
 is dominant. It is worth noting that not all devices present 
ZTC point. For example, the Junction-Less Transistors did not 
present ZTC point due to the very high series resistance, which 
strongly degrades the ID and the degradation caused by 
temperature is not enough to overcome the increase in ID caused 
by the VT decrease, and as a consequence no ZTC is reached. 

Fig.3 shows the VT and DIBL (Drain Induced Barrier 
Lowering) as a function of temperature for forksheet with LG of 
26 and 70 nm. The dVT/dT on the n-type forksheet is around      
-0,5mV/oC, due to the Fermi level decrease, which is also the 
value observed for these devices observed from room down to 
4 K [10]. The DIBL increase with the temperature but it is still 
low in the studied temperature range (DIBL is 51 mV/V in the 
worst case). 

The subthreshold swing (SS) as a function of temperature (T) 
is shown in Fig.4. For both analyzed channel lengths, the 
experimental SS satisfactorily follows the ideal theoretical 
trends, increasing from 62 mV at 25oC to 97 mV/dec at 
150oC in saturation regime. The maximum transconductance 
(gmMAX) in linear region and the saturation transconductance 
(gmSAT at VGT = 200 mV) as a function of temperature for two 
channel lengths are shown in Fig.5. Both gm decrease with 
temperature due to the  degradation as expected. The ratio 
between the gm(26nm)/gm(70nm) is lower than 2,7 (70/26) due 
to the fact that the effective channel length is higher than the 
gate layout related to the gate last process. 

The forksheet transistor efficiency (gm/ID) for different 
temperatures and two channel lengths is presented in Fig. 6. In 
weak inversion (ID <10-8) the gm/ID is inversely proportional to 
SS shown in Fig.4, which explain the reason for the decrement 
of the transistor efficient with the temperature. No relevant 
difference is observed for both channel lengths. 

The output conduction (gD) and Early voltage (VEA) as a 
function of temperature for two channel lengths is shown in 
Fig.7. The extraction of these parameters was done at                
VDS = 700mV and VGT = 200 mV from ID x VDS curve, which 
is very noisy and may introduce some additional errors. 

The Intrinsic voltage gain (AV) as a function of temperature 
for two channel lengths is obtained (AV=20.log(gmSAT/gD,SAT)) 
and presented in Fig.8. For LG=70nm the AV is higher than 
LG=26 nm due to the higher VEA. The AV variation with the 
temperature is not higher than ±2dB in the studied temperature 
range.  

The unit gain frequency (fT) as a function of drain current was 
estimated using a large pFET forksheet devices (LG=250nm and 
Weff=42800 nm) and fTgmSAT/(2..Cgg), where Cgg is the gate 
capacitance. The maximum fT value got is 3.87 GHz at 
ID=429A (strong inversion). The fT value may be slightly 
overestimated thanks to the lower Cgg value due to the high 
series resistance in the capacitance extraction. 

The results show that in addition to the known savings in 
footprint area of forksheet compared to nanosheet technology 
(which is estimated to be around 20% lower area for logic 
circuit and 30% for SRAM [5]), the forksheet devices can also 
be used for analog applications from room to 150oC. 

IV. CONCLUSIONS 
This work presents the analog behavior of forksheets from 

room to 150oC. N-type forksheets with channel lengths of 26 



and 70 nm were analyzed. These devices present a Zero 
Temperature-Coefficient point for a gate voltage around 0,59V 
in saturation region. The threshold voltage variation with 
temperature (dVT/dT) is around -0,5mV/oC which is the typical 
value for fully depleted multigate devices. Similar results for 
dVT/dT were also observed in the literature for forksheet at low 
temperatures. The DIBL increase with temperature but it is kept 
low (< 50mV/V) in the studied temperature range. For both 
analyzed channel lengths, the experimental SS satisfactorily 
follows the ideal theoretical trends, increasing from 62 mV at 
25oC to 97 mV/dec at 150oC in saturation regime. The 
transconductance and output conductance decrease due to the 
mobility degradation with the temperature increase. The 
intrinsic voltage gain of 36 dB was obtained and a slight change 
of ±2dB is obtained from 25oC to 150oC. The results show that 
the forksheet can also be used for analog applications in the 
studied temperature range, in addition to the known savings in 
footprint area compared to nanosheet technology.  
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                (a)                                   (b) 
Fig.1– Forksheet: (a) Schematic view and (b) TEM 
image perpendicular to the gate channel [7]. 
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Fig.2 – Drain current as a function of gate voltage 

for different temperatures  
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Fig. 3 – Threshold voltage and Drain-Induced-

Barrier-Lowering as a function of temperature 

for two channel lengths. 
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Fig. 4 – Subthreshold swing as a function of 

temperature for two channel lengths. 
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Fig. 5 – Transconductance in linear (maximum 

point) and saturation region (at VDS = 700mV and 

VGT =200mV) as a function of temperature for two 
channel lengths. 
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Fig. 6 – Transistor efficiency for different 

temperature and two channel lengths. 
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Fig. 7 – Output conduction and Early voltage as a 

function of temperature for two channel lengths. 

 

35.9
34.3 33.5

36.1
37.8 38.4

25 100 150
10

20

30

40

50

 

 

A
v
 (

d
B

)

T (oC)

 LG = 26 nm

 LG = 70 nm

Forksheet

Weff = 212 nm

VGT= 200mV

VDS = 700 mV

 
Fig. 8 – Intrinsic voltage gains as a function of 
temperature for two channel lengths. 

10-8 10-7 10-6 10-5 10-4 10-3

0

1

2

3

4

f T
 (

G
H

z
)

|ID|(A)

Forksheet

LG= 250 nm

HFS = 7 nm

WFS = 16 nm

Weff = 31200 nm

VDS= 700mV

T = 25oC

 
Fig.9 – Unit gain frequency as a function of 

drain current obtained from a large pFET 

forksheet dimension  
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