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LECTURE 2 - HOW TO DESIGN TRIMMING
Topics: CIRCUITS

« Trimming circuit background

« Getting the information to design the trimming
circuit

« Design procedures

« Examples

What will I learn?

« The principles of trimming circuits
« How to design a trimming circuit for a given
application

Dr. Phillip Allen

Prof. Emeritus, ECE, Georgia Tech Version 190802
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Trimming Design

Formulation
Assume X is some variable defined as: Xma’;“_ ______
/——?\
X.om = Nominal value Xmaxt ;
X....; = initial max value Xnon;:—: Trimmed | Initial
Xmint Tolerance|Tolerance

X.ini = initial min value
Xmaxt = trimmed max value
Xmint = trimed min value

LSB and n are found as:

Xmini 7 7—+\

1
L »> 180727-01
Y, Y

ln( maxi—*mini _1>
_ Xmaxt—Xmint

yd XLSB
XLSB = n and n = In(2)

Example:

Let Xom=20K, X2i=30K, X,im=10K, X0y =21K, and Xmn:=19K. X, sp =
0.25(21K-19K) = 0.5K and n = 1.443/n[(30K-10K)/0.5K-1] = 5.29 — n = 6.
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Trimming Implementation

Resistor

Switches:

* Ron << R;sp

» Avoid leakage current at high temps
Capacitor

Switches:

* Ron << Resg

» Avoid leakage current at high temps

L2
LCMSB LCMSB-1 LCLSBHLCLSB

Cnom-Cuss
71~ Vise | VmsB-1 Vise+1| VisB

1807027-03

2

o

Rwmss

Rnowm-Rmss

1807027-02
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Programing Voltages

Memory Types

1. Fuses

2. Zener zap

3. Laser trimming

4. Nonvolatile memory

Fuse Example: B2

« Current sources provide a small current to
pull the inverter high when fuse is open

« Diodes protect the current sources from the 84
trimming current

« Pre-trim works by applying a voltage to B1
through B4 and successively determining
which fuses should be blown (R, reduces the
current required from programming voltages)

* R, is shorted out when trimming

B1

B3

AICDesign.org

Vpp

Rnom-Rmss

Trim
GND

Rx

Polysilcion Fuses

180730-01

YYVYY

RirsB

Rmss
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Polysilicon Fuses
Implementation
1. Short-narrow strip of unsilicided polysilicon
2. Initial fuse resistance = 25Q blown fuse resistance =
100MQ
3. Fuse current = 30mA and fuse voltage = 6V
4. Programming time = 10ms with Rise/fall time = 100V/us

Polysilicon Fuse Example:

Poly Fuse
PLUS MINUS
«— Fuse Length (= 10x __]

Minimum Width)

D \ 08 idation \.‘“"‘ “ “ ]
OR\ Naaiedatan \ R I

r—-/\_/
—
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Trimming Design
Trimming Design Procedure DT1

oep ] Desen | commems

Find X,om, Xmaxir Xmini» Xmaxty @Nd Xrint Use worst case corners or Monte

1 Carlo simulation

2 Let

3 Let

4 Untrimmed X = X,,,, - Xinsp It may be necessary to re-center

the untrimmed X
5 Trimmed X’s = XLSBI 2XLSBI ceey O'SXMSBI XMSB

6 Select memory type and implement accordingly
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Brokaw BG Trimming Design

Example 1

The Brokaw BG of Example 2 of Lecture 2 of the How to Design o

Bias Circuit series experienced a Vi change of £3% when N )

was changed from 8 to 7 and 8 to 9 (to estimate process Q3 — T Q4

influenced). Design a trimming circuit for R; (150kQ) that will (05

bring the final tolerance of Vg to within £0.5%. lé;’* 2uA| - | VRer=1.5V

— y R
1. Vygp = L TREFIMND — () 25(1.5x1.005 - 1.5x0.995) = ) WA SR, = 115k
3.75mV X%2=26.83k_o 2 |2ua
VREF(maxi)~VREF(mini) _ AN = 0

2 = ln( ViSB _1> _ln(%—l) _ 31355 _ 452 n Ry = %Rs P

' B In(2) - In(2) ~ 6931 " 150KQ%"

=5
3. RLSB = VLSB/ZIPTAT = 3.75mV/4|JA = 937.5Q

4, RLSB+1 — 1875kQ, RLSB+2 = 375kQ, RLSB+3 = 75kQ, and
RMSB = 15kQ

5. Ryom-Russ = 150KQ — 15KQ = 135KQ
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Brokaw BG Trimming Design

Trimming R Its (N =7

!5-

1~ M32 -S00CELSIIS 1347967V

'.‘S - ..'. 1
; LoiTaw | Rediisjior S 8
M30: S94TIESCELSIUS 135072V y
Blue is the best

:Hj e trimmed for N =7
1 _H—*—_
BG_ADJ A (11100)
Sl Trimming Results forN =7
~ -—’-__‘—-
R TCIN=8) = 10.22 ppery"C
131 4 S — TON=7) = 1852 ppmC
3 .: - —-\"“—~ ~
TSt 10008
129
: .’a : T T Y T T T 0 T . 0 T T T T T Y T T Y
500 oo $0.0 100.0 1500

TEMPERATURE (CELSIUS)
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Brokaw BG Trimming Design
Trimming R Its (N =

142 4
BG_ADJ A
Trimming Results forN =9 10000 Red iS for N = 8
‘ 1 _-—7‘—_’.-_— .
T Blue is the best
138 1 ---""__’—-_”-F trimmed for N =9
pal |- M22. 52.77778CELSIUS

1350719V

M29. 150.0CELSIUS 1347997V (00 1 10)
01000

R4 could have
° been trimmed to

Vi)

134 4 e P T e
M26 -996951CELSASS .

‘ 1344269 00100 help adjust the
132 ] e —— value of V

4 TCIN=8) = 10.11 ppmy*C e ——— REF

] TCIN=$) = 17.35 ppmyC v
K ———— —_—

S0.0 Q0 0.0 1000 1500

TEMPERATURE (CELSIUS)
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Ultra-Stable BG Trimming Design

Example 2

The resistors Rerarip, Rerati, @nd Ryrer Were adjusted in the figure shown to bring
the TC back to within 1ppm/°C for stron%and weak corners of the ultra-stable BG
of Example 1 of Lecture 4 of the How to Design Bias Circuit. Design a trimming
circulit for these resistors to implement the strong and weak case simulation
results.

First find the BG voltages from the plots below at 25°C for V,,om, Vimaxtr Vmines Vimaxir
and V,,;,; which are summarized below.

Fri Jun 22 10:35:02 2018 1 Fri Jun 22 10:35:02 2018 1
W' z z o— @ I~ L —w— =0 =0 I
1.02 — —524.0 1.0064 —524.0
I I Strong Trim - TC = 150/175= 0.86 ppm/°C
1.018— [N = 523.8 E| RPTAT = 143.5K = 5238
et RCTAT1P =2.666M

- —— 100616
Weak untrimmed B S - 523, -
1.016- s 1 Strong Trim - TC = 150/175= 0.86 ppm/°C 523.6 3 RCTATO = 3.900M e 523.6
— HESfEC oy V 1.005225V
1.014- 1 RCTATIP =2.666M 1.00592- .
: RCTATO = 3.900M 5232 E - 523.2 nom

1.012- RCTATI = 1.5968M s23.0 " 523.0
_ - 523, 1.00568 T
v 1.005689V
M3: 104.0°.1.00536V | . maxt *
1.008- M8: 127.0C 1.004849 | N 1.00544] - 5206
1,006 - 5224 E 5224
) 5 S : v 1.004962V
> 1.004- - 522.2 ~ > 3 = 5200 mint .
1.002-; M7: -1 5C 1.005023V, - 220 1.004964 s
i g Fx dx:136.5C dy:174.86007uV 5:1.2810261uV/C. 5218 5218 V 1 O 1 63V
5216 maxi *

B M4: -1.0C 1.005223V, L] - 5216 1.004725

0998 St ong Untrimmed
- 5214 Weak Trim - TC = 175/175 = 1gpm/°C  Nominal - TC = 136.5/175 = 0.78ppm/*C 5214
09963 . Weak Tim -TC = 175/175 = Lppu}/°C Nominal - TC = 136.5/175 = 0.78ppm/°C 1.00448-] RPTAT S 143 5K 1 e B
RPTAT=1435K______ RPTAT = 143 5K -521.2 RCTATIP = 2.522M =2, o212 V O 9942V
0,994 RCTATIP = 2,522M oo L %) RCTATIP = 2.59M E DS b e el mini *

= RCTATO = 3.900M = .
RCTATO = 3.900M RCTATU=3:900M._ 5210 1.00424 b4 RCIATD = 2.900M 210

. RCTAT1 = 1.7722M RCTAT1 = 1.5855M

1

]
0.992- RCTATI = 1.7722M RCTATI = 1.5855M o Eosos 1 - 208

RVREF = 2.1724M ! RVREF = 2.21M ? RVREF = 2.1724M TR = 221 2
0.99 1 = 520.6 1004 3 5206
T T T (i L R R T T T T T [ R i e |
-50.0 -30.0 -10.0 10.0 30.0 50.0 70.0 90.0 110.0 130.0 -50.0 -30.0 -10.0 10.0 30.0 50.0 70.0 90.0 110.0 130.0
temp (C) temp (C)
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Ultra-Stable BG Trimming Design
Example 2 - Continued
Using the DT1 design procedure, we get
Viss = 179.5uV, n = 6.93 - 7, and R;sg = 179.5pV/0.25pA = 718Q
The values for the trimming Rcrarip, Rerati, and Rygrer, @are shown below.

| Bit# | RCTATIP(Q) | RCTATL(Q) | RVREF(Q) |

1 718 718 718 If we compare the values in the table

2 1436 1436 1436 with those on the figures of the previous
3 2872 2872 2872 side, we see that the trim range is not

& 5744 5744 5744 sufficient for RCTAT1P and RCTAT1. For

2 Ll S Ll S Ll S RCTAT1P increase the number of bits to
j izzzg fé:i fégzg 8 and let Ryon-Russ be 2.55MQ. For

RCTAT1 increase the number of bits to 8

Nom-MSB  2.5040E+06 1.5940E+06 2.1640E+06
and let RNOM_RMSB be 1.64MQ).

Max 2.5952E+06 1.6852E+06 2.2552E+06
Min 2.5040E+06 1.5940E+06 2.1640E+06
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Summary

Design of Trimming Circuits
« Trimming design formulation

« Implementation

« Programming methods

« Design Procedure DT1

« Examples

« It is necessary to check the results to make sure the number of
bits and the value of the untrimmed contribution is centered
correctly
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