Y-Flash data analysis and device modelling

-- Wei Wang



» The capacitor network for voltage coupling
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» Model for the transistors — Source/Drain/Gate current
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e For readout transistor:
Ve = Ve K = Ky, Iso = Isgo, Vs = Var E> Isr

* For injection transistor:
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» |V curves for reading in Subthreshold and Normal region
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» Program and Erase mechanism - Current from/to the floating gate
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IV reading during programing
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» More program modes

e Mode 1: Sl and SR shorted
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» Mode 2 is slightly more efficient than Mode 1



» More program modes
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» |V reading curves during erasing
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> More erase modes

e Mode 1: Sl and SR shorted

D
1 I—I L1 SR
107> + 10-5
— 10710 4 s — 10710
< <
E 10_15 1 — -IE 10—15
g , — b g
5 10_20 T I ISR g 10_20
_ el )
10725 + -25
I 10
10730 10-30
0.6
— Vre
;‘ —
0.4 202
= )
S s
S =
> 02 S 01
= L
0.0{ - . . . , , 0.0
0 1 2 3 4 5 7 8

Source Voltage, Vs [V]

Drain
Mode 2: SR floating
Sl
D
_._| I

— I—I | I SR

Ip
— s
— s _—
— Vi
— Vsr
0 1 2 3 éll 5 6 7 8

Source Voltage, Vs [V]

» Mode 2 is slightly more efficient than Mode 1

Floating Gate

x.

Source



> More erase modes

 Mode 3: D and SR floating
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> More erase modes
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Read current during program cycling
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> Cvcling of the program and erase operations
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» Verilog-a Model - 1 -

discipline Chrg
potential Charge;

enddiscipline
module y_flash (src_read, src_inj, dra, fg, Qfg),

inout src_read, src_inj
output fg, Qfg;

'

dra,

rical src_read, src_inj, dra;
ical fg, fg d;

parameter real Qfg ini = 0 from [-5e-15:1e-15];

real Cgd = 1.0e-15;
eal Cgsr = 0.049e-15;
eal Cgsi 0.048e-15;
eal Cdb = 0.64e-15;
real Cgb = 0.24e-15;

parameter
parameter
parameter
parameter
parameter

"

® m

"

parameter real r_Vth = 0.82;
parameter real r_K = 1.9e-5;
parameter real r_Is0 = 4e-8,
parameter real r_n =1.7;
parameter real r_Prob0 = 0;
parameter real r_Va = 0,
parameter real r_beta = 10;
parameter real r_Vbi = 5.5,
parameter real r_xi = 2e-12;

f t ! 151
parameter real i_Vth = 0.82+0.52;
parameter real i_K = 1.9e-5%2;
parameter real i_Is0 = 4e-8%2;
parameter real i_n = 1,7%1.3;
parameter real i_Prob0 = 3.9e-8;
parameter real i_Va = 20;
parameter real i_beta = 10;



| _ Casi
parameter real r_Va =0, CGSR — C CGD —
parameter real r_beta = 10; F  — A-GB E—— F
parameter real r_Vbi = 5.5; ——
parameter real r_xi = 2e-12; I I
/fParameters fr injection transistor
parameter real i_Vth = 0.82+0.52; \/SR \/D \/SI
parameter real i K = 1.9e-5%2; J J
parameter real i_Is0 = 4e-8%2; p— D p—
parameter real i_n = 1.7%1.3; CSRB F DSRB CDB DDB SIB F CS|B
parameter real i_Prob0 = 3,9e-B;
parameter real i_Va = 20;
parameter real i_beta = 10;
parameter real i_Vbi = 5.5; |
parameter real i_xi = 2,0e-12; py SUb
f/ MAIN 7/

nstances of the two transistors ead transistor and injection transistor
Transistorfg #(.Vth(r_vth), .K(r_K), .Is0(r_Is0), .n{r_n), .ProbO(r_Prob0), .Va(r_Va), .beta(r_beta), .Vbi(r_Vbi), .xi(r_xi)) Source_Read(.g(fg_d), .dra(dra), .src(src_read));
Transistorfg #(.Vth(i_Vth), .K(i_K), .Is0(i_Is0), .n{(i_n), .ProbO(i_Prob0), .Va(i_Va), .beta(i_beta), .Vbi(i_Vbi), .xi{i_xi)) Source_Inj(.g(fg_d),.dra(dra),.src(src_inj));
// PN-Junction Diodes between the terminals and substrates (there are also parasitic capactor and resistor in the PN junctions)
PNDiode #(.Area(1), .Cjo(Cdb)) DRdgnd( .p(gnd), .n(dra));
PNDiode #(.Area(0.05), .Cjo(0.05*Cdb)) DRsrgnd(.p(gnd), .n(src_read));
PNDiode #(.Area(0.05), .Cjo(0.05*Cdb)) DRsignd(.p(gnd), .n{src_inj));
analog begin

fFrThe f'_.'.':l '_I'E" :-?"IT-" '|'|r|-" does not "._._-'!."lfl'l_l-" |'::-_ A "1."]’_,‘ f]r-'u"_"ug pPo1NtT wWas en l:"_,-'-""'!': To CoO -_|"."_ || Fat ITTE f n 1 Cr 1ST S i 1 i = urrents)

//integrate the gate current in the floating gate

end

Vifg d) <+ V(fg):;

Q(Qfg) <+ idt(I(fg_d), Qfg_ini);

Vifg) <+ (Q(Qfg)+Cgsr*V(src_read,gnd)+Cgd*V(dra,gnd)+Cgsi*V(src_inj,gnd))/(Cgsr+Cgd+Cgsi+Cgb);
/ /Addtional f_-'l|-'I:'1 tors can be seen fror 1Nput the transient behaviors
I{dra,fg) <+ Cgd*ddt(V(dra,fg));

I(src_read,fg) <+ Cgsr*ddt(V(src_read,fg));

I{src_inj, fg) <+ C(gsi*ddt(V(src_inj,fg));

terminals, .':‘-"-"I"1I|!-‘

( $monitor("Time %T ms, Qfg=%f fC, Vfg= %Ff V" Srealtime*le3, V(fg

Q(Qfg)*1el5,

endmodule



» \erilog-a Model - 3

module Transistorfg(g,dra,src);
inout g, dra, src; // gate, drain, source
electrical g, dra, src;
ground gnd; // substrate

//parameters for readout
parameter real Vth = 0.85;

parameter real K = 1.2e-5;
parameter real Is0 = 2e-8;
parameter real n = 1.7;

//parameters for channel hot electron current
parameter real Prob0 = 3.9e-8;

parameter real Va = 20;

//parameters for tunneling current

parameter real beta = 10;

parameter real Vbi = 5.5;

parameter real xi = 2.0e-12;

parameter real kT = $vt;

//internal variables

real Vds, Vgs;

real Vsg;

real is,6is_sub,is_ab,igs_t,igs_1,igs; //current
real m=1, s=5;

analog begin
// current of the readout transistor
if (V(dra,gnd) == V(src,gnd))
is = 0;
else begin
Vds = abs(V(dra)-V(src));
if (v(dra)>V(src))
Vgs=V(g)-V(src);
else
Vgs=V(g)-V(dra);
is_sub = IsO*exp((Vgs-Vth)/(n*kT))*(1-exp(-Vds/kT));
is_ab = s*Is0*(1-exp(-Vds/kT));
if (vgs-Vth >= 0) begin
if (V(g)-Vth < Vds)
is_ab = is_ab + K/2%(Vgs - Vth)**2;
else
is_ab = is_ab + K*(Vgs - Vth-Vds)*Vds;
end
is = (17(1/(is_sub**m)+1/(is_ab**m)))**(1/m);
if (V(dra)<V(src))
is=-is;

end

end
{/ lucky electron gate current
if (V(g)<0.1)
igs_ 1 = 0;
else
igs_l=abs(is)*ProbO*exp(-Va/V(g)).
// tunneling gate current
Vsg=V(src)-V(g).
if (Vsg<Vbi)
igs_t = 0;
else
igs_t = -xi*(Vsg-Vbi)**2*exp(-beta/(Vsg-Vbi));
// total gate current in the readout transistor
igs=igs_l+igs_t;

I(dra,src) <+ is;
I(g,src) <+ igs;

endmodule



» Verilog-a Model Results - 1 * DCReading
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» Verilog-a Model Results - 3 * Pulse Reading, tr=1ns
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» \erilog-a Model Results - 4 * Pulse Reading, tr=10ns
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» Verilog-a Model Results - 5 * Program, SR shorted with SI
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» \Verilog-a Model Results - 6 * Program, SR floating
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» Verilog-a Model Results - 7 * Erase, SR shorted to Sl
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» \erilog-a Model Results - 8 * Erase, SR floating
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