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Why Trimming s

* Trimming allows the quality of a product
to be enhanced during testing.

I'his Is the only aspect of testing that ac |
lue to the device.

1ing is frequently performed
) to compensate for pa




Simple Trimming Circuit
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Bit Bit 0| V., Abs Rel
0 0 1V -1v | -50%
0 1 2V oV 0%
1 0 3V +1V | +50%
1 1 4v +2V | +100%
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Poly Fuse
Metal Fuse
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Poly Fuse Specification
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1. POLY FUSE [RES_FUSE] v1
PDK Device name-RES_FUSE; SPICE Model Name-RES _POLY_L_LBC7; SV Model Name-FUSE

ALLOWED DEVICE DIMENSIONS TARGET| LSL UsL UNITS COMMENTS NFC?'I?ETS
Fuse link W (drawn) 0.7 um Exact
Fuse link L (drawn) 6.5 um Exact
ALLOWED OPERATING CONDITIONS TARGET| LSL UsL UNITS COMMENTS NFSEETS
Temperature Range -40 150 C
Note: Temperature=27C unless specified otherwise.
FAIL ELECTRICAL FOOT
CRITERIA SVN PARAMETERS TARGET| LSL UsL UNITS COMMENTS NOTES
Monitor FUSE_P1! |Fuse Resistance Initial 25 Ohm @o.1v
Characterize| FUSE | | Leakages Fuse- A T=27C. Apply 0.7V,
—— |substrate(well) pre-blow measure |l
Monitor FUSE_R_B |Fuse Resistance Blown 100 1 Mohm @0.1v
Leakages from first end of _
Characterize| FUSE_I1] |[the Fuse to substrate(well) A L;’-;Tsir Ff‘f’p'"-" 0.7V,
post-blow ;
Leakages from second end _
Characterize| FUSE_I2B |of the Fuse to A L;Z;Tsir ;“Fp'y 0.7V,
substrate(well) post-blow )
Characterize| FUSE_IPL |Fuse Current Pulse Height 30 mA
Characterize | FUSE_VPL |Fuse “Voltage Pulse Height <) 5.5 =] Volts
Characterize| FUSE_TR .ﬂr‘sz Voltage Pulse Rise 50 500 ns
. Fuse Voltage Pulse
Characterize | FUSE_TDU Duration 10 50 ms




Poly Fuse Blown Waveform

Run: 2.5005/5
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» Approximate 500ns duration of currents pulse during fuse blowing
e Current pulse provide

. du _t __t _ 500x107°% -6
1= CE :> U(t)Z U(O)e e < Rxm% 25%!1;% 14 x20 ch)

For 3 fuses, take one capacitor 47uF




Fuse Layout
Before and After Trimmino

Layout Of View Of Fuse Memory Microphotograph Of View Of Fuse Memory
Before Trim After Trim

(Fuse links blown by laser)
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Laser Trimming Thin-Film Resistors | M

Thin-Film
Deposits

Laser cut

Example Laser Trims
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Binary Weighted Resistor Trim Schemes [ €

Using Zener Diodes o
|

I:\)Isb Rlsb/2 Rlsb/4

Parallel-Connec
Memory

are blown by forcing a controlle
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Trim Simulation Using Zener Diodes TEE

| Memory Trimmable Reference
Contro ﬁ
Reference Voltage

Registers | Simulation Mode Trim Value

Simulation Mode Control

trim technology provides the
) simulate zap effects by
Ily shorting individual zener
est hardware relays.

_ h Decoder

nulation techniques




Zapping Zeners

Zener breakdown ~11v in this cas

Voltage in yellow, Current in

al I/V Requirements:
D150 - ~13 V, 300 mA
) - ~5V, 20 mA




After Zener Zap

_ 8 Aclear bright
',u‘ - . / silver line in
N el junction
oL : A &8 indicates good

Bad zener zap,
excessive current
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E/EEPROM Trimmable Reference Circuit

TES
-
o — s
E/EEPROM DAC oy
Trim Memory Floating Gate MOS Technology

E/EEPROM reqisters store digital values in memory that allow
DAC to adjust current or voltage values. ,
Except for the control pads, no probe pads are required.

OMS (One-Time Electrical Programmable Read O
) can be programmed but not erased.

an be programmed one time only, so these
de IS bug free.

ically Erasable Progra

-——A\.



EPROM Programming

Burn Bits

EPROM |
Control Register I

Registers Shift Reference

Bypass Mode Register Voltage
L

Test Mode Control

Simplified Block Diagram

d find the best-fit trim code.




EEPROM Programming

Burn Bits (Register)

EEPROM |
| Control Register I
Registers Shift Reference

Bypass Mode Register Voltage
—

Test Mode Control

Simplified Block Diagram

d find the best-fit trim code.
e .2-' .!' F._.
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Units from the first run (“bad” predictability) || L -0

5.02 t. e / § 31 .2

] ' : * ¢ K S 1017 « 3
E S s T
= T . . - S 6368 « 4
+ 5.01 ] : -f ! r
] . £33 ﬁ y S 10577 - 5
- 3 ' L S 5249 + 6
>
P S 700 7
5 § - 8§
: S 1 -9
: S 1 - 12
4.98
I T T T T T T T T T I
4.88 4.9 5 3.1 512
VREF pre *trim 1/1

Note: The bad predictability can be avoided by doing the trim table char before the device trimming (execution of ‘pre()’).

As all the trim steps are measured before the trimming the class can use this values fo trim accurately from the first unit on
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» Trim parameter folding
| Reference Distributions




Reference Distributions

Code N-1
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» Trim parameter folding

Reference Distributions
Im Flow




Trimming flow

Prepare DUT setup I

CHAR ?

NO

Update DUT register

Measure parameter

F Update DUT register

Measure Parameter_~

Log Data

v

Calculate best step

Update DUT register

Measure Parameter

I Log Data

v
I Cleanup DUT setup

I Prepare DUT setup

Called for pre, post and
char measurements

/N

execute ()

Update & measure function

Update DUT register

Measure parameter

Y

N4

Returns back

measured results

I Cleanup DUT setup




Execute() function

* Execute() ...
— Implements correct sequence of TREG calls (e.g. pre(), post(),...)
— Ensures that trim learning works out of the box
— Easies trim step characterization (for device char and during production)
— Skips post trim measurement if not necessary (= saves test time)
— Takes care of datalogging
— Test engineer can focus on implementing the measurement

// Test Function: iconst trim
ETS PRGFLOW_ FUNC iconst_trim( int DSTndex, LPCTSTR TestLabel )
{

// Prepare DUT Setup

dut.sel ("TM") .set working(TM3) ; // select testmode 3
dut.trim("iconst") .execute (measure iconst trim,1100,8200, TREG LOG STD) ;
A A A .

// Cleanup DUT Setup

return( mssSitestat( MS_ALL ) ) ;
Y // END_ETS_PRGFLOW_FUNC

Update & measure function

First production datalog number

First characterization datalog number
Log level (optional)




Tharils You !




