1/d(V(vg))/I(11)

gm/ID (ID)=1/(dVG/dID)/ID plotted in log mode

g(1C)=2/(1+sqrt(1+41C))

RUN this example to get IS faQiKV 0.18um LIB
This was for the built-in model !

B
nj NMOSE:\t b \ g(IC)/nUT

sz

lO

.MODEL NMOSEKV NMOS LEVEL=12

.dcdecIl 1le-12 1e-31000V201 i1
.option plotwinsize=0 numdgt=15

1m

=>157160nA
0.1 IC=1 10 100

IIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T T
10pA 100pA  1000pA 10nA 100nA  1000nA 10pA 100pA

1000pA



Determine VDSAT (normally (VG-VT)/n)
Redo this with EKV 0.18um model VDD=1.8V

* Sweep -1V<VD<10V, 1st sweep is X-axis
e VS=0, I(VS)>0 (plt)
*VG=], 2, .., 5V

* VT=0, n=1 =>
 VDSAT=VG
e VDG>=0!

* Mirror ok !




Mixer schematic (use EKV L=0.18um LIB, VDD=1.8V)

Target: VG,M1 =1V



300mV

OmV-

-300mV

Diff output (see syntax in title), where is our fLO-fRF signal ???, what do you conclude 7

4.65V

V(vop)

4.49V-

4.32V

Output/node single ended, swiching not complete, what is this frequency ?? fLO 1!

3.10V

3.00V—

2.90V

LO+and LO -, correct phase shift |, plot diff pair source voltage to check VDSAT

1.010V

1.000V—

AC/DC well designed ?, plot nodes ‘rf’ full swing ? C1 ok, and ‘vgn’ near DC, R4 C2 ok

0.990V

| | | | | | | | |
90us 91pus 92us 93us 94us 95us 96us 97us 98us 99%us



V(vom)

V(vop)

4.62V -

4.59V

4.56V—|

4,53Vl

4,50V | |

4.47V |

4.41V

4.32V

: .3BHV i
4,35V

ala

L/

____________________________________________________

______________

________________

_________________

________________

________________

__________________

Ous

|
10ps

|
20us

|
30us

|
40us

|
S50us

|
GTITES

|
70us



| | | | | | | | |
10ps 20us 30us 40us S50us GTITES 70us 80us 90us 100ps




Lowering fIF/fLO ratio

V(vop,vom)

Setting fRF to 0.99MHz and increasing Cf to 800pF increase LO rejection
10mVIAny other way to do it ?

Ous S0us 100us 150pus PLVES 250pus 300us 350us 400us 450us 500us



Yes | Double-balanced mixers !

V(vop,vom)

o0us 100us



leferent|a| RF input and duphcated diff palr |

Issue is DC'current from RF |nput IVIOS Ml WhICh is steered by M2 3 and >> IRF
ggggS-qut|on inject that same DC current on opp05|te node and AC W|th 1 galn (hence 180 RF)

555@Sametota|currenté]ﬁ° foad if M1,2,3,5,6,7 W is reduced by2x j_;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;ﬁﬁﬁ

S e e ﬁ'ﬁﬁﬁﬁﬁﬁﬁﬁﬁ..........ﬁﬁFﬁ’M7"""" |

=

............... 5ggkﬁ;; ;;;;;; ;; ;;;;;;; ; e s S




Replicate that structure and vary RF, LO
swings to extract gain, compression (©?)

* Check the .measure help in LTSplce or use below syntax directives
'.PARAMarf—lﬂmalo—ll}l}m : : : - ﬁ:'..ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

;step param arf Ilst 1m 2m 4m. Bm 16m 32m 64m 128m 256m 512m R R R

f-“"easTRAN'fHmPMAXV(VOPrVGW') o lva D
<y
] SINE(0 {arf} .99¢6 0 0 0)

¢ Se | ECt VI ew -> S pice E rror I-Og EI SPICE Error Log: C:\Users\dru\OneDrive - CSEM S.A\Documents\LTspiceXVIl\mixer.log

. STEp arr=v..£Z23b alo=l1.b

* Right clik inside window step arf=0.512 alo=1.6
* Select Plot stepped meas data |ueasurenent: if_amp

step MAX (v (vop ,vom) ) FROM T
1 0.000257492 0 0.0005
2 0.000514984 0 0.0005
3 0.00102901 0 0.0005
4 0.00205851 0 0.0005
5 0.00411?49 0 0.0005



Gain as a function of LO swing

.param arf=1m alo=100m =
step param alo 100m 2.1
.meas TRAN if_amp MAX V(VOp;VOm)

Reducing Cf to 80pF only increases if amp to 2.6mV
We would need toincrease Rout and thus voltage drop-across R
gm of input RF MOS is 20*k




Doubling Ro indeed does increase our gain |

.step param Ro list 10k 20k
CF reduced to 80pF
Ro swept

gmd4 is 2*10uA/V*W1/W4=2E-5
gm4*Ro=2 with Ro=10kOhm




Changing gm/ID (to be updated with EKV!)

.step param Ro list 10k 20k

gm/ID is 2 V1 while in sub-T it reaches 30 V-1
With our model gm/ID=2/VG

Reducing VG to 0.5V by making W 4x for M1,4,6
+6dB gain




LOW VOLTAGE DESIGN 1C<=10

EHimi ==

v

o

VS=0
dVG very large

fromIC =10 ->100

1/d(V(vg))/I(11)

10v-1—§ Tine i

01  IC=1 10 1oo\m

-\_—_\‘_\\_“—\-\—

1V-1-

i

0.1V-1
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Exercises

* Try to vary the W & L of MOS to vary IC
* AD(S) is drain, source area, PD(S) perimeter
 AD(S)=W*1u=1p for W=1u; PD(S)=2W+2*1u
* You could go with L=.1u to limit cap, likely no effect modelled
* Try to verify cst W/L curves to check this, plot ID, gn/ID, ...

e Study compression of gain especially as you get closer to sub-T
* Try to modulate RF in amplitude or in frequency (fRF=fLO+-10kHz)

* You may use switches with two voltage sources
* And look at transient waveforms

 What do you conclude ?



