


sequence of the proposed process is shown in Fig. 3. The 

severe requirements of the ESD capability for the automotive 

applications can be satisfied by using these devices. 

 

SURGE PROTECTION CIRCUIT 

 

The block diagram for each channel of input and output 

surge protection circuit of the proposed surge protection IC 

for the switch interface of ECUs is shown in Fig. 4. The VB 

and the GND terminals are connected to the battery and the 

ground, respectively. The IN and the OUT terminals are 

connected to the input and the output of the ECU, 

respectively. When surge attacks to the IN, OUT, or VB 

terminal, the energy of the surge is absorbed by the power 

Zener diode connected between VB and IN, between VB and 

OUT, or between VB and GND terminals, respectively, as 

indicated by allows in Fig. 4. Among these surges, the most 

difficult cases to protect are the ones indicated by allow D 

and F. In these cases, parallel connections of lateral MOS 

and vertical power Zener diode are attacked by the surge in 

the blocking mode and both devices suffer Avalanche 

breakdown. The operation states of these devices are 

schematically shown in Fig. 5 as I-V curves. To protect 

lateral MOS form the destruction, the operation resistance of 

the power Zener diode under the breakdown must be very 

low enough to suppress the surge voltage below the snapback 

voltage of the lateral MOS.  Adding to this, the snapback 

current of the power Zener diode must be very high to 

withstand the surge current. 

 

ESD MODEL 

 

To understand the stress to the device, ESD test circuit 

model shown in Fig. 6 is analytically solved to obtain 

following equations [6], 

)sin()exp( tkt
L

VV
I ZC ω

ω
¢-

¢
-

=                              (1) 

and 

)exp( kt
VV

LL
L

VV ZC

DUT

DUT
ZDUT -

¢
-

+
+=

ω
 

                                [ ])cos()sin( ttk ωωω ¢¢+¢× ,    (2) 

P+well

Active

Poly-Si

N+S/D

P+S/D

Contact

Metal

Passiv .

P-well

N-dep.

P+Poly

Channel

 
Fig. 3 Mask sequence of the developed process. 
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Fig. 2 Cross-sections of the integrated devices of the proposed technology. 
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Fig. 4 Block diagram of the proposed surge protection IC. The 
allows indicate the route of the surge passing through. 
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Fig. 5 I-V description of the operation states of a lateral MOS 
and a vertical power Zener diode. 



when 

022 <- ωk ,                                                     (3) 

      22 k-=¢ ωω ,                                                 (4) 

LRk 2= ,                                                         (5) 

and 

LC1=ω ,                                                      (6) 

where the operation resistance of power Zener diode under 

the breakdown is assumed to be negligible compared with 

R=150W . 

Calculated, using eqs. (1) and (2), and measured ESD 

current and the voltage of the device under the test (DUT) 

are plotted in Figs. 7 and 8, respectively, where L, LDUT, C, 

Vz, Vc, and the active area of the power Zener diode were 

5mH, 20nH, 150pF, 75V, 25kV, and 0.18mm2 , respectively. 

As seen from these figures, the difference between calculated 

and measured data is small. Therefore, the analytical model 

and the derived equations seems to be acceptable. 

 

OPTIMIZATION OF POWER ZENER DIODE 

 

ESD capability required for the interface of automotive 

ECUs is typically ±15kV in condition 150pF-500W . In the 

severest case, the ESD capability required goes up to ±25kV 

or more  in condition 150pF-150W.[7] To satisfy these 

requirement cost-effectively, the power Zener diode is 

designed to achieve a high ESD capability, while satisfying 

the breakdown voltage of more than 60V and a smaller 

integration area.  

 The n-epitaxial layer thickness and its resistivity which 

affects the breakdown voltage of the power Zener diode is 

experimentally analyzed to optimize the ESD capability of 

the power Zener diode. The ESD capability measured in 

condition 150pF-150W are shown in Figs. 9 as a function of 

the active area of the power Zener diode. From Fig. 9, one 

can see that the ESD capability expressed by the charging 

voltage to the discharge capacitor increases in proportion to 

the increase of the active area of power Zener diode. 

Referring to eq. (1), the ESD current is proportional to the 

charging voltage to the capacitor because the Zener voltage 

is negligible compared with the charging voltage to the 

capacitor. Therefore, it can be said that the destruction 

current density for each line in Fig. 9 is constant. The 

destruction current density is not depending on the active 

area but it is strongly depending on the n-epitaxial layer 

design. To minimize the active area of the power Zener diode, -160 -120 -80 -40 0 40 80 120 160 200 240
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Fig. 7 ESD waveforms analytically calculated using eqs. (1) and 
(2). 
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Fig. 6 Model of the ESD test circuit. 
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Fig. 9 ESD capability measured as a function of the active area of 
power Zener diodes. 
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Fig. 8 ESD waveforms measured. 



it is understood that the breakdown voltage or the n-epitaxial 

thickness and its resistivity should be designed as small as 

possible 

It can be concluded that the active area of the power Zener 

diode rated 60V, to achieve the ESD capability of 25kV, can 

be reduced to as small as 0.06mm2 by optimizing the design 

of the n-epitaxial layer.  

 

EXPERIMENTAL DEVICE 

 

To demonstrate the applicability of the proposed 

technology, an 14-channel-input surge protection IC has been 

developed and tested. The chip photograph of the developed 

IC is shown in Fig. 10. This surge protection IC integrates 

14-channel of surge-protected input, noise filtering, and 

level-shift functions. 

The ESD test results are summarized in Table-1. The 

developed surge protection IC has passed EMC test over 

200V/M at 1M to 1GHz, DC cross-talk test over 20mA at 

423K, and AC latch-up test over 30kV at 150pF-150W and at 

maximum supply voltage.  

 

CONCLUSIONS 

 

A self-isolated CDMOS technology has been developed to 

realize multi-channel surge protection ICs cost-effectively. 

The process, the device, and the surge protection circuit 

techniques have been presented. Experimental results on the 

optimization of the integrated power Zener diode have been 

reported and discussed through an analytically solved ESD 

circuit model. The importance of the n-epitaxial layer design 

for minimizing the area of the integrated power Zener diode 

has been emphasized. Experimental surge protection IC has 

shown superior ESD, EMC, DC cross-talk, and AC latch-up 

immunities and has proved the applicability of the proposed 

technology. 

  By using proposed technology, the mounting area of the 

surge protection circuits on the printed circuit board can be 

saved by 80% when compared with the conventional resistor- 

and capacitor-chip circuits rated 25kV at 150pF-150W ESD 

test. Total cost of ECUs can be cut down and sufficient ESD 

capability is provided for the switch interface of automotive 

ECUs.  
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Table-1. ESD capabilities measured of the experimental 
IC. 

Condition ESD capability 
INi-GND, GND-INi >30KV 
INi-VB, VB-INi >30KV C=150pF - R=150W 
INi-INj, INj-INi >30KV 
INi-GND, GND-INi 20KV typ. 
INi-VB, VB-INi 20KV typ. C=200pF - R=  0W 

INi-INj, INj-INi 23KV typ. 

 

 
 

Fig. 10 Chip photograph of the experimental IC. 


